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PREFACE 



This little book is intended for use in a first-year college or 
technical school course. The author's aim has been to present 
mechanical drawing principles thoroughly and in compact form, 
without encroaching either upon descriptive geometry on the one 
hand, or upon machine design or advanced drawing of any descrip- 
tion on the other. Emphasis has therefore been laid upon correct 
habits of work, graphical curve constructions, orthographic pro- 
jection, isometric drawing and technic. 

While no course is outlined for the teacher, several himdred 
carefully chosen drill problems in the elements are provided. The 
orthographic and isometric problems may well be supplemented 
by the use of a varied assortment of wooden blocks, some of them 
similar to those illustrated on Plates 20 and 21, others far simpler 
in outline. From these blocks the student should make ortho- 
graphic and isometric drawings, some of which should be 
dimensioned. 

Sections, intersections and developments have not been treated; 
the place for this is in a descriptive geometry text. Perhaps an 



apology is due for the chapter on perspective; prepared originally 
for students already familiar with descriptive geometry, it should 
nevertheless prove intelligible to anyone well groimded in ortho- 
graphic principles. 

Thanks are due to Mr. G. W. Miller of the New Haven High 
School, and to Messrs. R. H. Suttie and G. S. Gleason of the 
Sheffield Scientific School faculty for constructive criticism. The 
co-operation of Dwight Boyce Pangbum, M.E., lately instructor 
in mechanical drawing and machine design in the Sheffield Scientific 
School, is hereby gratefully recorded. The larger portion of the 
problems and some of the plates are his work, and but for his 
untimely death the authorship would have been a joint one. 

Messrs. Charles Scribner's Sons and the Board of Water Supply 
of the City of New York have kindly given permission to reproduce 
drawings. 

Richard Shelton Kirbv. 

New Haven, Connecticut, 
April, 1918. 
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FUNDAMENTALS OF MECHANICAL DRAWING 



CHAPTER I 



SELECTION AND USE OF mSTRUMENTS 



z. Instruments and Other Supplies Required. The following 
instruments and supplies are required for the drawing course. 
Drawing boards (about i8 in. by 24 in.) are furnished. 

(a) Text-book. 

(b) Paper, in sheets 11 in. by 15 in., "Normal." Several pieces 
of tracing cloth will be required late in the course; also several 8 in. 
by 10 in. sheets of isometric paper and co-ordinate paper. 

(c) Triangles, of celluloid or amber. One 9 in. 45® and one 1 1 in. 
30® by 60°. A 4 in. 45° triangle and a 5 in. 30° by 60° triangle will 
also be foimd useful. Wooden triangles, while somewhat cheaper, 
are not as satisfactory. Steel triangles are the most accurate, 
but they are expensive and inconvenient to use. 

(J) Curved ruler (irregular or French curve), of celluloid or 
amber. One similar to Diet^en's or Keuflfel and Esser's No. 13 
will be most serviceable. 

{e) Scales, of boxwood. A 12-in. triangular "architect's" scale, 
with metal guard, and a 3-in. triangular "engineer's" scale.* A 

* Students who do not espect to study engineering may substitute for these 
a single flat boxwood scale, with sharp edges, graduated on one edge into six- 
teenths of an inch and on the other into tenths of an inch. 



scale should have straight edges, and its divisions should be fine 
and sharp. Scales with white edges cost twice as much as the ordi- 
nary scales, but are more easily read. 

{f) Pencils, one 6H and one 3H (hexagonal). 

(g) Erasers, one combination ink and pencil eraser and one 
cleaning eraser. A very sharp knife or a surgeon's scalpel is almost 
a necessity in erasing heavy inked lines. 

(A) Pencil pointer, preferably the usual pad of fine sandpaper 
or emery cloth. 

(i) Thumb-tacks, at least a dozen. They should have small, 
sharp-pointed shanks, and low, firmly fastened heads. 

(j) Small dust doth or dust brush. 

{k) Ink, a small (f oz.) bottle of black waterproof drawing ink. 

(/) Penholder, one with a cork or rubber grip preferred. 

(m) Pens, an assortment of at least four stiff writing pens, 
varying in width from the finest writing pen obtainable to a coarse 
ball-pointed pen. See Art. 63, footnote. 

(n) Penwiper. 

(0) Blotters, several of generous size and good quality. 

(p) Padlock, for desk drawer. 
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(q) Set of drawing instrumetUs. This set must include at least 
the following: (i) A S^in. ruling pen. This is the most important 
instrument in the set and has the most constant and trying use; 
it therefore should be, if possible, of even better grade than the 
rest of the set. A pen that cannot be opened for cleaning is decid- 
edly unsatisfactory. (2) s^-in. or 6-in. compasses^ with pen, 
pencil and lengthening bar. These must have pivot joints (not 
tongue joints) at the top, and hinges or joints of a satisfactory 
type in each leg. The prick point must have a shoulder on at least 
one end. (3) Three 3-in. or 4-in. bow instruments (pen, pencil 
and dividers). These have delicate thumb-screw attachments for 
fine adjustments. (4) Box of 6H leads. 



Cost of Instruments, Most engineers do more or less drafting throughout 
their professional lives. A first quality set of instruments, if given good care, 
will be practically as good as new even after many years' use. A draftsman 
can do his best work only with instruments with which he has become familiar. 
It follows that a student who attempts to economize by purchasing instru- 
ments of an inferior grade is making a poor investment. Prices for new instru- 
ments vary too greatly to permit advice as to the exact sum it is advisable to 
pay. New sets of instruments which cost less than about $7 or $9 will gen- 
erally be found unsatisfactory. On the other hand, sets which cost more than 
$12 to $15 will be found to contain a larger assortment than the average drafts- 
man often uses. Instruments should not be purchased from any but reliable 
dealers. Second-hand sets should not be considered except on the advice of 
a competent judge of instruments. 

Early in his course the student should become familiar with the contents 
of catalogues of drawing instruments. In most catalogues at least three or four 
grades are listed and described; the higher grade instruments last longer and 
enable the draftsman to produce better work. 



(f) T-square (unless furnished by the school). One with cel- 
luloid edges is preferred; length 24 in. 

Optional List. 

The following are recommended but not required: 

Extra smaller ruling pen. Piece of a chamois. 

Hair-spring dividers, Soapstone pencil, 

Bottle holder, T-square, see (r), above. 

Thumb-tack lifter, Extra curved ruler (No. 5 or No. 26), 

Needle point. Protractor, of amber. 
Arkansas oil stone, 

2. Pencils and Penciling, (a) For mechanical drawing (line 
work) use a 6H pencil, sharpened to a chisel (wedge) point at one 
end and to a conical point at the other end. See PI. i, Fig. 3, 
Use the chisel point in ruling lines, and the conical point in marking 
points, as in laying off distances. Keep this pencil in the drawer, 
not in the pocket, when it is not in use. For lettering, dimension- 
ing, sketching, etc., use a 3H pencil sharpened to a conical point. 

(b) To sharpen a pencil properly, use the knife merely for remov- 
ing the wood. Do this in such a way as to leave at least f in. of 
lead exposed, and taper the wood back for nearly an inch further. 
To sharpen the lead use fine sandpaper or emery cloth. Keep 
the pencil sharp enough to prick the finger. 

(c) Incline the pencil slightly in the direction in which a line is 
being ruled; never "push" a pencil. Draw lightly in pencil. 
Do not dig the pencil into the paper; it should be possible to 
erase a penciled line entirely in an instant. Draw a line before 
laying off its length; draw it at first somewhat longer than neces- 



PENCIL, T-SQUARE AND TRIANGLES 



sary, i.e., pencil past the ends, and afterward erase (if need be) 
the unnecessary portions. 

(d) The conventional distinctions on PL 12 are intended to 
apply particularly to inked lines. On a penciled drawing which 
is to be inked or traced it is common practice to make little or no 
variation in the widths of lines; dashed or dotted lines may, how- 
ever, be drawn as such in pencil, — the extra time involved is jus- 
tifiable if blimders in inking are thereby to be prevented. 

(e) Accuracy is an essential feature of most pencil drawings. 
Not only should the lines be clear and sharp, but the measurements 
should be so carefully made, particularly in the early stages of a 
drawing, that small errors will not accumulate and grow into 
large discrepancies. 

(/) It is often best not to draw the entire length of a construc- 
tion line, but simply enough of it to serve the purpose for which it is 
drawn; for example, to determine quickly the center of a rectangle, 
draw simply the short middle portion of each diagonal. 

3. T-square, (a) Before using the T-square, see that its head 
is firmly fastened to the blade, and that its ruling edge (upper 
edge) is neither warped nor nicked. To test the straightness of 
the ruling edge, draw with it a fine line the length of the blade, 
being careful to hold the pencil in the same vertical plane through- 
out. Rotate the T-square about the line just drawn, through 180°, 
and compare the line with the ruling edge of the T-square. 

(b) In using the T-square, press its head firmly against the 
hfUhand end of the drav/mg board, and rule along the upper edge of 
the blade. No draftsman except a left-handed one ever works 
with the head of the T-square at the right-hand end of the board. 



In general, the T-square is used, alone, simply for horizontal lines. 
On large drawings, however, it is used as a straight-edge, for draw- 
ing lines which are not horizontal, but which are too long for the 
triangles. Draw all lines from left to right, never the reverse. 
Do not ruin the T-square by using it as a tack hammer, or by using 
its upper edge to guide a knife blade in cutting paper. 

4. Use of Triaxigles. (a) These are used for drawing vertical 
lines and inclined lines; the T-square is preferred for drawing 
horizontal lines. Angles of 15°, 30°, 45^, 60°, 75° and 90° and 
their supplements may be laid off from any given line by the use of 
triangles and T-square. See PI. i, Fig. 2. Other angles require 
the use either of a protractor or of a set of trigonometric tables 
(see Art. 33) ; a few can be laid off with the compasses. 

ip) In using the triangle, hold it firmly against the paper with 
the left hand. Use only the outer edges of the triangle, and draw 
close to the edges. Avoid the use of the portions of the triangle 
nearest the comers, which are apt to be uneven. Draw along the 
" far " (upper or left-hand edge of the triangle, so that the fingers 
slide along the triangle and not on the paper. Place the triangle so 
that it does not cast a shadow on the line which is being drawn. 
Move the right hand, which holds the pencil or ruling pen, away 
from the body and toward the right, never the reverse (this 
applies to a right-handed draftsman). 

{c) To Draw a Line Parallel to a Given Oblique Line. See PI. i, 
Fig. I, (a) and (6). The triangles are first held firmly together 
with the upper leg of B along the given line. If now the triangle 
B is allowed to slide along A in either direction, while A is held 
firmly against the paper, lines drawn along the upper leg of B will 
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be parallel to the given line. The triangle B may be either triangle, 
and either leg may be held along the given line. The triangles 
need not have their h3Tpothenuses in contact, any other two sides 
will perhaps answer as well or better, depending on the relative 
positions of the given line and of the point through which the par- 
allel Une^is to be drawn. It is good practice, after drawing the 
parallel line, to slide the triangle B back to its original position as a 
check. "Parallel rules" and "section liners" are under some cir- 
cumstances exceedingly useful in drawing parallel lines, but they 
are not reconmiended to beginners. Where both the given line and 
the required parallel line are much longer than the triangles, 
and a high degree of precision is essential, a perpendicular is 
erected at each end of the given line (see method below), equal 
distances are laid off on each perpendicular, and the ends of the 
perpendiculars are then connected by the use of a long and ac- 
curate straight edge. 

(d) To Draw a Line Perpendicular to a Given Oblique Line. 
Never attempt this by the apparently easy method of simply placing 
one leg of a triangle along the given line and drawing along the other 
leg; this method is really clumsy and too inaccurate for most pur- 
poses. The conunon triangle methods are illustrated on PL i. 
Fig. I. In (a) and (6) the two triangles are first held firmly together, 
with the upper leg of B along the given line. If now the triangle 
B is allowed to slide along A in either direction, while A is held 
firmly against the paper, lines drawn along the right-hand leg of B 
will be perpendicular to the given line. The triangle B may be 
either triangle, and either leg may be held along the given line. 
It is evident that this method is to be preferred in cases where 



both parallels and perpendiculars must be drawn, since one setting 
of the triangle A may serve for both. In (c) the triangle B is held 
firmly against the lower triangle (or straight-edge) while the hypoth- 
enuse of B is made to coincide with the given line. If now the 
triangle B is taken up and turned over, holding the lower triangle 
or straight edge firmly meantime, so that B now falls at B\ a line 
drawn along its hypothenuse will be perpendicular to the given 
line. Where the lines are long and a maximum degree of accuracy 
is essential, erect the perpendicular by one of the geometric methods 
shown on PL 2, Fig. i. 

5. Testing the Triangles. The outer edges of a triangle should 
be straight lines which make the proper, angles with each other. 
A triangle may be tested as follows: 

(a) Are the outer edges straight and free from nicks? Each 
edge may be held, in turn, against a straight-edge, preferably a 
steel one. If both triangle and straight-edge are held up to the 
light, very slight deviations will be readily perceptible. Careful 
sighting lengthwise along an edge will also enable one to detect 
irregularities. 

(ft) Do the edges make the proper angles (90*^ and 45°, or 90*^, 
60° and 30°) with each other? Any of the angles may be tested 
by comparison with a steel triangle or with a large and accurate 
protractor. 

A better test for the 90° angle follows. Place the triangle on 
the paper with one leg against the edge of the T-square. Draw 
a line along the leg which is perpendicular to the T-square. Raise 
the triangle, rotate it through 180° about the line just drawn and 
place it down again, with the same edge as at first in contact with 
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the T-square. It should now be possible to draw along the other 
leg a line coinciding throughout its length with the line first drawn; 
if not, the right angle of the triangle is not true. Neither line is 
actually perpendicular to the edge of the T-square; the true per- 
pendicular lies half-way between them. 

The 45*^ angles may be tested as follows. With either leg against 
the T-square, draw a line along the hypothenuse. Pick the triangle 
up, rotate it through i8o° about the edge which is perpendicular 
to the T-square and lay it down again, with the same edge as before 
in contact with the T-square. A line drawn along the hypothenuse 
in this position should be at right angles to the line first drawn. 
See PI. I, Fig. i c. The triangle may also be laid with its hypoth- 
enuse in contact with the T-square, when other variations of the 
test will suggest themselves. 

The 30° and 60° angles may be tested as follows. Construct as 
large an equilateral triangle as can conveniently be made, with 
the 60° angle held adjacent to the T-square (alternately at the 
right and at the left). With either the dividers or a scale, com- 
pare the lengths of its sides, each with the other. The test may 
be carried still further by holding the triangle against the T-square 
so that 30° and 90° lines may be drawn from each vertex of the 
equilateral triangle. These lines should bisect the opposite sides 
at their middle points. 

No one but an experienced cabinet maker should attempt to 
" true up '' a triangle which is out of adjustment. A celluloid tri- 
angle should always be laid away flat, otherwise it may warp. 

6. Scale, (a) Do not use the scale as a " rider '' for ruling lines, 
or the graduations will soon become so blurred as to render the 



scale useless. Never " take off " dimensions from the scale with 
the dividers (unless the scale be a steel one) ; rather apply the scale 
directly to the paper. 

(6) In using the scale, lay it directly on the paper, never on top 
of a triangle. Draw a line before laying off its length. The 
draftsman should be sure, as he marks off a distance, to hold his 
pencil at right angles to the edge of the scale; also to look squarely 
at the scale, with his eye directly opposite the point of the pencil; 
any other position either of the pencil or of the eye will introduce 
errors. Use a needle point in place of a pencil for extremely 
accurate work; the needle may be run through a cork. In marking 
off a series of consecutive (equal or unequal) distances along a 
straight line, do not move the scale along each time, but keep the 
zero of the scale at the starting point. Do not try to scale dis- 
tances in the dark, use the lighter and preferably the further edge 
of the scale. 

{c) The so-called " engineer's " scale is used for mapping, the 
construction of certain types of graphical charts, etc. On it, each 
inch is divided decimally, into 10, 20, 30, 40, 50 or 60 parts. Meas- 
urements begin at the zero mark at the end. The edge marked 
10 may be used for drawing to scales of either i in. to 10 ft,* i in. 
to 100 ft., I in. to 1000 ft., etc. Similarly, on the " forty " scale, 
for example, one of the smallest subdivisions may be assumed to 
represent either A of a foot, i foot, or 10 feet on the actual 
object, which is equivalent to drawing to scales of i in. to 4 ft, 
I in. to 40 ft., or i in. to 400 ft., respectively. 

* Or miles, or dollars, or years, or any other unit imaginable, in the case of 
a graphical chart. 
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(d) The " architect's " scale is used for most purposes except 
mapping. On. it an inch, a half -inch, a quarter-inch, etc., are 
each divided into twelfths. Measurements on each edge begin at 
a zero mark, which is a short distance from the end, and extend 
either side of the zero mark, " feet " in one direction and " inches " 
in the other. To iUustrate, on the scale marked i, each half-inch 
on the scale represents i foot on the object- To lay off 2 ft. 3 in. 
on this scale, count off from the zero mark 2 actual half-inches 
(each of which represents i foot), in the direction away from the end 
of the scale, and 3 of the small subdivisions (each of which repre- 
sents I inch), in the opposite direction; the total will be the meas- 
urement desired. As a check, this ought to be, actually, i| inches. 

The student will find, upon examination, that on the " half- 
inch " scale and on some of the others each smallest subdivision 
represents J inch, anything smaller must be estimated; on the " one 
inch'' scale each smallest subdivision represents J inch; on the " three 
inch " scale each represents J inch, etc. 

In drawing an object to actual size, or full scale, the familiar 
scale, commonly marked 16, is used. 

(e) A flat scale or a triangular scale is graduated throughout 
either as an engineer's scale or as an architect's scale. The advan- 
tage of a triangular scale is that one instrument furnishes at least six 
different sets of graduations; some furnish eleven. A disadvantage 
is the liability of the draftsman to use, at times, the wrong edge by 
mistake; this difficulty may be met by using a scale guard. 

7. Scales of Drawings. Full size drawings are comparatively 
rare; most drawings are smaller than the object they depict. 
Ratios or scales in common use by draftsmen are the following: 



(a) Architectural drawings: 

i in. = I ft, 
i in. = i ft, 
A in. = i ft, etc. 



(fc) Machine drawings: 

6 in. 



3 m. 
ijin. 



I ft. (half size), 
I ft. (quarter size), 
I ft (eighth size). 



(c) Maps: 



I m. 

. I in. 

I in. 

I in. 



20 ft, 
40 ft, 
100 ft, 
200 ft., etc. 



10,000' 20,000' 62,500 



, etc. 



(d) Structural drawings: 

1 in. = i ft, 

2 in. = i ft, etc. 

8. Dividers. (<z) The points of the dividers should be of equal 
length and equally sharp. If they should become dulled or broken 
they may be sharpened again on an oil stone; a sandpaper pad is 
not satisfactory for this purpose. The points of the dividers should 
be pressed very lightly into the paper, so as to make the hole in the 
paper almost invisible. The dividers are used for transferring 
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distances from one part of the drawing to another, for comparing 
dimensions, and for dividing lines into any number of equal parts 
by " stepping " (see Art. 19). 

(b) Although some draftsmen use the dividers for transferring 
distances from the scale to the drawing, this practice should be 
avoided by the beginner, as it tends to mar the graduations on any 
but a steel scale, and considerable skill is needed to produce accurate 
residts. The dividers should not be used as tacklifters, nor as 
double-pointed awls; the place for them when they are not in use 
is lying flat on the drawing board or in the case. 

9. Ruling Pen. (a) Fill the pen by means of the quill or glass 
tube which is attached to the cork of the ink bottle, never by dip- 
ping the pen into the bottle. While filling the pen do not hold it 
over the drawing. Do not overload the pen, — a quarter of an inch 
of ink is sufficient. Drawing ink evaporates readily, — do not leave 
the bottle uncorked. Keep it where the drawing woidd not be 
ruined if the bottle were upset. A bottle-holder is worth while, one 
can be bought cheaply or made at little or no expense.* Always 
have a blotter at hand for instant use in an emergency. 

(b) Grasp the pen not over two inches from its point and hold 
it firmly between the thumb and forefinger and against the middle 
finger. Hold it in a vertical plane, but inclined slightly forward, 
i.e., in the direction of motion. With most pens the thumb-screw 
should be held outward. Move the hand which holds the pen 
toward the right and away from the body, sliding the little finger 
along the straight-edge. In inking short lines, or dashed lines, or 

* See Engineering News, v. 72, p. 649 for a description of one made of dravmig 
paper. 



in coming to a stop on long lines, the little finger and the one next 
to it should act as a drag or brake; it is then easily possible, simply 
by the " spring " of the hand, to move the point of the pen a quarter 
of an inch while these fingers are pressed tight and motionless 
against the straight-edge. Do not press the pen too firmly against 
the T-square; simply hold them in contact. If the ink clogs and 
refuses to run, try to start a line on a spare piece of paper; or 
clean out the pen and put in a fresh supply of ink. 

(c) Before drawing a line with the ruling pen, test the setting of 
the pen by drawing a number of short trial lines of varying width 
with it; keep a spare piece of drawing paper for this purpose, and 
experiment frequently on it rather than on the drawing. The 
commonly accepted conventional lines are shown on PL 12. The 
width of a trial line is most accurately tested by comparing it with 
the standard line in the following manner. Using a triangle, draw 
the trial line on the spare piece of drawing paper, about at right 
angles to an edge and extending exactly to the edge. Next lay this 
paper down in such a position that the trial line and the standard 
line seem to form one continuous line. If now the two parts of this 
line be observed from a point only a few inches above the paper 
and directly over the line produced, very slight differences in thick- 
ness will be readily apparent. With a ruling pen in good order it 
is possible to draw smooth uniform lines varying in thickness from 
Tfirr up to A of an inch. If the lines appear " ragged," either the 
pen is not being held in a vertical plane or the nibs are of unequal 
length. See Art. 12. Time is often saved, and uniformity of line 
work secured, by drawing all lines which are of the same width with 
a single setting of the pen. 



RULING PEN AND COMPASSES 



{(3^ Do not screw the nibs too tight: after tliey have been made 
to barely touch, any further tightening of the screw not only is 
useless, but may injure the pen. Never use the ruling pen free- 
hand, at least not until considerable skill has been acquired, and 
then only on certain kinds of drawings. 

10. The commonest causes of blots are: 

(a) Overloading the pen. 

(6) Failure to keep the. outer surface of the blades clean while 
the pen is in use. 

(c) Tipping the handle of the pen away from the body, so that 
the points of the nibs touch the triangle. 

{d) Inking across a wet line, or even up to it. Always ink away 
from a point at which several lines converge, and allow ample time 
for each radiating line to dry before the next is drawn. 

(e) Failure to lift the triangle vertically after a line has been 
inked. 

(/) Touching a line before it has dried. 

(g) Upsetting the ink bottle. 

(K) Gathering up particles of lint or dust on the point of 
the pen. 

Apply a bloUer the instant a blot is discovered. Apply it also on 
an inked line which must be erased, but never apply a blotter on an 
inked line which is to remain on the drawing. 

zx. Do not lay the pen down for more than a few seconds without 
first removing all of the ink. Unless the blades are hinged, the ink 
is removed best by running a thin piece of blotter or a piece of muslin 
or cloth between the nibs. Keep the entire pen clean when it is 
not in use; some inks corrode the steel. Occasionally put a drop 



of oil on the thread of the thumb-screw and wipe it dry. Loosen 
the thumb-screw before putting the pen away. Keep the pen sharp 
and the nibs of equal length; do not, however, attempt to sharpen 
the pen without the Instructor's help and advice. 

12. To sharpen a ruling pen. Use a fine grained oil-stone, — 
" Arkansas " oil-stones are made for the purpose, — and a very 
little oil. There are two steps in the process. 

{a) To make the nibs of equal length. Tighten the thumb-screw 
until the nibs nearly touch. Hold the pen as if about to draw a 
line with it on the oil-stone. Move the point backward and for- 
ward along this imaginary line, keeping the pen in the same vertical 
plane, but giving it a rocking motion in the direction of the line, 
so as to round both nibs to a curve of about i^ in. radius. 

(6) Loosen the thumb-screw somewhat and sharpen the nibs 
on the outside. To sharpen a nib, hold the pen nearly flat with the 
nib against the oil-stone. Secure a rounded outer surface by 
rotating the whole pen about its own axis during the process of 
sharpening. Do not touch the inside surface of the nibs, unless it 
be to remove any burr which may have formed. Do not make the 
nibs too sharp, simply make them sharp enough to draw a fine line 
of uniform thickness. Rub lightly and patiently, — a few careless 
strokes may nearly ruin the pen. After the pen has been sharpened 
be sure to wipe off all of the oil before testing it. 

13. Compasses, {a) The bow compasses are used for drawing 
circles or circular arcs of less radius than about i in. The larger 
instruments are used, without the lengthening bar, for circles of 
between i in. and 6 in. radius; with the lengthening bar, for circles 
up to about 9 in. radius. Arcs of greater radius than 9 in. are drawn 
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either with " beam compasses " or with sets of regular or " railroad " 
curves cut from rubber, wood or metal. 

(6) Before using the compasses, examine them carefully. If 
the joints do not work freely, or if they are too loose, they should 
be adjusted; with some sets a very small screw driver is included 
for this purpose. The pencil points should contain hard leads 
(4H-6H), sharpened to wedge points. The ends of the needle 
points which have shoulders should be used. The needle p)oints 
should be kept adjusted so that they extend slightly beyond the 
pen points; the pencil points can be adjusted to correspond to them 
each time they are used. In using the large compasses for circles of 
greater radius than about ij in., bend the legs at the knuckle joints 
(midway on each), so that the lower portion of each leg will be at 
right angles to the paper when the arc is being described. The bow 
instruments have no joints in their legs. 

(c) Before beginning to draw an arc, make a minute freehand 
circle in pencil about the proposed center point. Next lay off from 
the center, in some convenient direction, the length of the radius, 
and make a fine dot at its extremity. Now press the needle point 
very lightly into the paper (the hole need not be of any appreciable 
depth whatever, so long as the point does not slip), and adjust the 
thumb-screw or the joint until the radius is of precisely the desired 
length. Describe the arc by rolling the handle of the compasses 
slowly in a clockwise direction between the ball of the thumb and 
that of the forefinger. When the lengthening bar is used the motion 
is somewhat different, as one hand must serve to steady the com- 
passes at the prick-point end, while the other holds the joint above 
the pendl (or pen). Be particularly careful under these circum- 



stances to handle the instrument lightly, so as not to change the 
length of the radius. Where several concentric arcs must be drawn, 
avoid making a large center hole; " horn centers " are preferred 
by some draftsmen. 

{d) Ink circles and arcs of circles before inking lines which are 
tangent to them. Many of the directions for inking apply to inking 
with the compasses. Avoid going over any portion of an arc the 
second time. Take particular care in matching up ends of arcs. 
Where a straight line is drawn tangent to an arc, the total thick- 
ness at the point of tangency should be only that of a single line, 
as at X-Y, PL 2, Fig. 6. 

14. Curved Ruler ("French curve" or "irregular curve"). 
This is used for all curves except circular arcs, — occasionally 
for very short sections of these. The student will not become pro- 
ficient in the use of this instrument without continued practice 
and the exercise of considerable patience. 

(a) First sketch the curve very lightly in pencil, freehand, 
through as many points as are known to lie on it. Next apply 
the curved ruler to small portions of the curve successively; the 
portions chosen should each contain, if possible, at least three 
of the original points. Be sure, not only that the portion of the 
ruler chosen agrees in curvature with the portion of the curve it is 
proposed to draw, but also that the curvature of each is changing 
in the same direction (that is, that both are becoming sharper or 
flatter toward the left or toward the right). Draw lightly with 
the pendl, and do not hesitate to erase portions until they are 
satisfactory. Do not draw too long an arc at once, but before the 
pencil seems to be diverging even by the width of a single line from 
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the proper course, stop and move the ruler along. After moving 
the ruler be sure that the portion of the curve next drawn is tan- 
gent to that just completed. Errors in curvature are most readily 
detected by sighting " endwise " along a curve at various points. 

(ft) Ink in the curve only after it is satisfactory in pencil. 
Follow the general directions for inking which apply to the use of 
triangles. Be careful, in shifting the ruler, not to blot the line. It 
is particularly difficult to secure a smooth and unbroken curve 
at the points where the ruler has been shifted. It is unnecessary 
and almost impossible to watch both edges of a line or both blades 
of the pen at once, — watch the outer edge and the outer blade. 
The blades of the ruling pen must always be held tangent to the 
curve, otherwise a Une of varying thickness will result. 

(c) Flexible curves are used by some draftsmen. For certain purposes they 
are particularly useful, but they are not recommended to beginners. 

15. Erasers and Erasing, (a) The ordinary pencO eraser is 
•used for erasing both penciled lines and inked lines; the sponge 
eraser or art gum simply for cleaning drawings. 

(ft) To erase an inked line^— first apply a blotter the instant 
the necessity for erasing is discovered. Before attempting any- 
thing further allow the ink to dry thoroughly. Be sure that the 
drawing is securely fastened to the board before any extensive 
erasing is done. After the ink is dry, rub the spot with a soft 
eraser to take off any smudge. Next, if the line is wide, it may be 
necessary to scrape it very lightly with the flat of a sharp knife, 
or to rub it a very little with an ink eraser; both of these instru- 
ments, particularly the knife, should be used sparingly, however, 



and in most cases a line of average thickness can be erased without 
using either of them. Do not rub violently; avoid making a 
channel in the paper. Finally, rub long auid patiently with a 
pencil eraser until the ink has disappeared. 

{c) In going over a spot where an erasure has been made, use a 
small amount of ink in the pen, and screw the pen down slightly. 
The student should practice on an extra sheet of drawing paper 
until he can erase the middle portion of a line and replace it in such 
a way that the erasure cannot be detected. 

{d) In cleaning up a drawing, rub very lightly with the art gum 
(not with an ordinary pencil eraser) over any inked lines. See 
Art. 83 for directions for erasing lines from tracing cloth. 

16. Care of Instruments. Keep them free from ink, from dust 
and from rust. Give the triangles an occasional " sponge bath." 
Cover the set with a piece of chamois. Before beginning work wipe 
each instrument, especially the T-square, the triangles and the scale. 
Before laying them away wipe them again. Release all springs, as 
in the dividers, ruling pen, etc., before putting the instruments 
away. The owner's name or initials should be plainly marked on 
each instrument, where possible. '* Neither a borrower nor a 
lender be." 

17. Directions for Beginning Work, (a) Arrange the seat so 
that the light (preferably diffused daylight) comes from the left 
and the front. Wipe off board, paper, and tools before using them. 

(ft) Use, generally, the side of ihe drawing paper on which the 
water-mark is stamped. Place the sheet with one of its shorter 
edges about an inch from the left-hand edge of the drawing board, 
and with a longer edge about four inches from the lower edge of 
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the board. Fasten one comer of the paper with a thumb-tack, 
pressed firmly into the board. Rotate the sheet slightly until an 
edge is parallel to the upper edge of the T-square blade. Fasten 
the diagonally opposite comer of the paper, and stretch it tight. 
Lastly, place a thimib-tack in each remaining comer. The points 
of the thumb-tacks must enter the board at right angles. Do not 
use the same thiunb-tack hole twice. 

(c) The border rectangle on the standard sheets for this coiu-se 
is lo in. by 14 in., leaving a margin J in. wide. The title block, if 
in. by 2f in., is drawn in the lower right-hand comer. The sheet 



is divided as may be directed in each case, using very light lines. 
Special instmctions will be given regarding details of title, etc. 

(d) Draw the lower border line, starting from a point located 
at the proper distance vertically and horizontally from the lower 
left-hand comer of the paper. Draw the left-hand border line at 
right angles to it, using T-square and triangle. After having laid 
off, with the scale, the proper length on each of these lines, draw 
the upper and the right-hand border lines, with the T-square and 
triangle. Scale their lengths as a check; the discrepancies should 
not exceed t^ in. Lay off the title rectangle. 



CHAPTER II 



GEOMETRIC CONSTRUCTIONS 



Straight Lines and Circular Curves (Pl. 2.) 

The methods given below are those of pure geometry. For a few of the 
problems there are more direct " practical " solutions. 

18. To Erect a Perpendicular to a Given Straight Line (Fig. i). 
(a) When the point is near the center of the line. CD is the per- 
pendicular bisector of AB, 

(b) When the point is near the end of the line and near the edge 
of the paper, as E, choose any convenient point G, and with G as a 
center and GE as a radius describe an arc of more than 180°. Pro- 
duce GH to intersect this arc at /. Then will JE be perpendicular 
to FE. This method is useful in the plotting of large maps. 

ig. To Divide a Straight Line Into any Number of Equal Parts 
(Fig. 2 a). Let it be required to divide AB into five equal parts, 
for example. Draw from A an auxiliary line in the direction AB', 
making any convenient angle with AB. Lay off on this line from 
A either with the dividers or with the scale, a series of 5 equal dis- 
tances, and establish the point B\ Connect B' and B. Now draw 
4-4, 3-3, etc., parallel to B^B, thus dividing AB as was required. 
The most accurate results will be obtained if ^45' is so chosen, both 
in direction and length, that the lines 4-4, 3^-3, etc., make angles 
at least as great as 60° with both AB and AB'. This construction 
is useful in making graphical scales, such, for example, as are found 



on military maps. The division may also be accomplished by 
" stepping " with the dividers. See Art. 8. 

20. To Bisect an Angle (Fig. 2b). Given the angle OPQ. 
With P as a center and any convenient radius describe the arc RS. 
With R and S as centers describe two arcs of equal radius intersect- 
ing at T. Then will TP be the bisector required. TP, pf course, 
bisects the arc RS as well as the angle OPQ. 

21. To Transfer an Angle from One Part of the Drawing to 
Another. In Fig. 26, assume that it is required to draw, at some other 
point P' (not shown), a line which shall make with O'P' (not 
shown), an angle equal to OPQ. Draw the arc RS, using as long a 
radius as possible. With P' as a center, and the same radius, draw 
an arc. With equal radii, equal chords subtend equal central 
angles. See Art. 33. 

22. To Transfer a Polygon from One Part of the Drawing to 
Another (Fig. 3). Divide the polygon into triangles and transfer 
each triangle separately. Take off the length of each side of a tri- 
angle with the dividers or compasses and reconstruct the triangle 
by drawing one side in its new position, and locating die opposite 
comer by means of two intersecting arcs of proper radii. Another 
method for transferring the polygon is to assume one of the longer 
sides, say ^4^, as one co-ordinate axis and a line at right angles to 
it as another. An origin of co-ordinates having been assumed, say, 
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at A, the ordinates and abscissas of each point are measured and 
then laid off in the new location. 

23. To Pass a Circular Curve through Three Points (or to cir- 
cumscribe a circle about a given triangle) (Fig. 4). Let the three 
points be i4 , 5 and C. The center of the circle will be at i , which 
is the intersection of the perpendicular bisectors oi AB and BC 
(also of ACf not shown). This method is occasionally useful where 
the center of a circular arc has been lost sight of and must be 
located anew. 

24. To Pass a Series of Circular Arcs Tangent to Each Other 
through a Number of Points (Fig. 4). Let the points he A, By 
C, Z>, E, F and G. Continuing the method outlined in Art. 23, 
find the center 2 at the intersection of iC with the perpendicular 
bisector of CD, etc. This problem, ii A, B and C are included, 
admits of only one solution; but if one of the three points A, B or 
C (which have a common center) are omitted, an indefinite niunber 
of arcs may be passed through the remaining six points. 

25. Given Two Circular Arcs. Required to Construct a Third Arc 
of Given Radius Tangent to Both (Fig. 5). With ^ as a center and 
a radius equal to the sum of two of the given radii describe an arc. 
With £ as a center and another sum as a radius describe a second 
arc. These arcs intersect at C and C, either of which may be 
taken as the center of the required arc. 

26. Given Two Intersecting Straight Lines. Required to Describe 
an Arc of Given Radius Tangent to Both Lines (Fig. 6). Let AB 
and BC be the given lines. Draw ED parallel to AB and at a dis- 
tance from it equal to the given radius. Also draw OF parallel to 
BC and at an equal distance from it. Then will be the center 



of the required arc. In the lower figure the center is obtained by 
measuring oS RU and RV equal to the radius, and erecting per- 
pendiculars intersecting at W. This method is useful in " round- 
ing off comers." 

27. To Draw a Reversed, or ''Ogee " Ciure between Two Par- 
allel Tangents (Fig. 7). Given AB and CD, The curve is required 
to be tangent at A and at D and the same radius is to be used for 
each portion. Bisect AD sX E, Bisect AE at F and ED at C 
The center points H and K are at the intersections of the perpen- 
diculars from A and F and from G and D respectively. The two 
portions of the curve are tangent to each other at E. 

28. Given Two Intersecting Straight Lines and a Circle Tangent 
to Both the Lines (Fig. 8). Required to Draw a Circular Arc Tan- 
gent to Both Lines and to the Circle. The given lines are AB and 
BC. The center of the circle is at D. The center of the arc will be 
on the bisector BDF. Draw EG perpendicular to BF. With G 
as a center describe the arc EH. Erect at £? a perpendicular to 
BC. The point /, in which this perpendicular intersects BF, will 
be the center of the required arc, and JE {=JH) will be its radius. 

29. To Draw Two Tangents to a Circular Arc from a Point Out- 
side the Arc (Fig. 9). Given the point P and the arc whose center 
is at C Connect CP and bisect CP at 0. With O as a center and 
OC { = 0P) as a radius draw an arc which intersects the given arc 
at A and at B. Then will AP and BP be the required tangents. 

30. To Draw a Circular Arc of Given Radius Tangent to a Given 
Straight Line and to a Given Circular Arc (Fig. 10). Given the 
straight line DE and the arc AB. Draw OF perpendicular to DE. 
Lay off FG equal to the radius of the required arc and draw through 
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G a straight line parallel to DE, Lay off nj=GF and with as a 
center and 0/ as a radius describe an arc intersecting the line 
through G parallel to DE in the points C and C. Then will either 
C or C be the center of the required arc. 

31. To Rectify a Given Circular Arc (or to Lay Off its Length on 
a Straight Line Tangent to It) (Fig. 11, a). Given the arc AB; 
required to '* rectify" it on the tangent line AC. Draw the chord 
AB and bisect it at D. Draw the arc ED. With £ as a center 
draw the arc BF. Then AF = 2ltcAB (very nearly). This method 
gives close results where the arc subtends a central angle less than 
about 60*^. Nearly as accurate results may be obtained by " step- 
ping " with the dividers, around A'B\ and then stepping off the 
same number of whole steps and the fractional part of a step along 
.4'C', toF'. (Fig. 116). 

32. To Obtain Points on a Circular Arc Connecting Two Strai^t 
Lines When the Center of the Arc is Inaccessible (Fig. 12). Given 
the lines AB and BC. Lay off BD^BE. With Z? as a center 
describe an arc from E and produce DB to meet it. With £ as a 
center describe an arc from D and produce EB to meet it. Divide 
each arc into the same number of parts (as 4) by trial (stepping 
aroimd the arc with the dividers) and number the points. Then 
the straight line D-2 intersects the straight line £-2 at a point 
on the required arc, etc. 

33. To Lay Off a Given Angle or to Determine the Number of 
Degrees in One Already Drawn, by means of a protractor, is a pro- 
cess so simple that it does not require explanation. Provided with a 
table of natural sines or tangents a draftsman can, however, lay 
off or measure any angle accurately without the use of a protractor. 



Two common methods for determining the number of degrees in 
any angle ABC between two intersecting lines will now be ex- 
plained; to lay off an angle it is only necessary to reverse the process. 
The student should draw the necessary figures. 

(a) Sine method. With B as a center and any convenient 
number of units (as 10) for a radius describe an arc cutting AB and 
BC. Measure the chord of the arc in the same unit. Then 
J chord -^ radius = sine § ABC. On small drawings a J-in. or §-in. 
unit will be satisfactory. 

(b) Tangent method. Lay off from B toward C a convenient 
number of units (as 10) and fix a point D. Erect at Z) a perpen- 
dicular to BCj intersecting AB Sit E, and measure DE in the same 
unit used for BD. Then DE-^BD^tan ABC. For small draw- 
ings make the unit } in. or § in. If the angle is between 45** and 90^ 
determine its complement, if between 90*^ and 135® subtract 90^ 
from it; if between 135° and 180® determine its supplement. 

Conic Sections and Other Non-circular Curves (Pl. 3) 

34. Ellipse. This is the curve cut from a cone by a plane which 
makes with the axis of the cone an angle greater than the elements 
make; it is also the curve cut from a cylinder by a plane oblique 
to its axis. The projection of a drcle on a plane neither parallel 
nor perpendicular to the plane of the circle is an ellipse. Four 
methods are given for constructing true ellipses, and two for draw- 
ing approximate or false ellipses. 

(a) " Radiating Lines " Method. Given the axes AA' and BB' 
(Fig. i). Divide AC into any number of equal parts. Divide lA 
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( = BC) into the same number. Lines drawn from B and 5' through 
correspondingly numbered points determine points on the ellipse. 

(6) " Trammel'' Method (Fig. 2). Given AA' and BB\ Mark 
off on the edge of a stiff, sharp-edged card (as a visiting card or a 
piece of drawing paper of similar dimensions) ^L = half the long 
axis AA\ and ^5 = half the short axis BB\ As the card is turned 
about, keeping S and L on the axes, the point H on the card will 
detennine points on the ellipse. Two positions of the card are 
shown in the figure. 

(c) " Major and Minor Circle " Method (Fig. 3a). Given the 
two axes. Draw the arcs DA' and BE, Perpendiculars from the 
two circumference points on a single radial line, as from i and i, 
or 2 and 2, determine a point on the ellipse; other points may be 
found similarly. More points are necessary near A ' than near B. 

(d) " Pin and String " Method (Fig. 3J). Given the two fod 
F and F\ (If the lengths of the axes are given instead, locate F 
and F' by making B'F-=B'F'=^iAA\) Fasten the ends of a non- 
elastic cord at F and F\ Make the cord just long enough to extend 
from F to B' and thence to F\ Place the point of a pencil against 
the cord at B\ and, keeping the cord tight, slip the pencil aroimd to 
the left, tracing the curve B'2iA. Continue in a similar manner 
around the curve. This method is more useful for marking off 
large ellipses, — elliptical arches for example, — than for constructing 
those made in the drafting room. 

(e) Approximate Q* Four Center'') Method (Fig. 4a). Given 
the two axes. Make the distance from the center of the ellipse to 
Ci equal to the difference in the length of the axes; and the dis- 
tance from the center of the ellipse to C2 three-quarters of this dif- 



ference. Locate C3 and Ca similarly. The arc AE has C2 for its 
center, and the arc DB has C4 for its center. This method gives 
false ellipses which will most closely approximate true ones when the 
axes are nearest the same length. The angle AC2D will be 53° 08' 
(its tangent is i) in any case. 

(/) Approximate Method for Inscribing an Ellipse in a 60*^-120® 
Rhombus (Fig. 46) . The lines drawn from Ci to the middle points 
of the opposite sides will be perpendicular to those sides and will 
intersect the long diagonal at C3 and C4. The centers for the curve 
are then Ci, C2, C3 and C4. This method gives false ellipses which 
are somewhat too short and too wide. The error in the major axis 
amounts to about 1^ of a side of the rhombus; that in the minor 
axis to about ^ of a side. Somewhat closer approximations result 
where Ci and C2 are chosen slightly farther from the major axis. 
This method is used in isometric drawing. See Art. 53c. 

35. Parabola. This is the curve cut from a cone by a plane 
which makes the same angle with the axis of the cone that the 
elements make. Given A A' (Fig. 5), and BC, perpendicular to 
A A' at its middle point C Divide AC and lA {—BC) into the 
same nmnber of equal parts (any number). Perpendiculajrs from 
the numbered points along AC will intersect correspondingly 
numbered lines radiating from B in points on the curve. The 
parabola is used in determining the strength of beams imiformly 
loaded. 

36. Involute of a Square. This curve is generated by a point 
on a flexible cord as the cord is unwrapped from the perimeter of a 
square. The circular arc (Fig. 6) numbered i has its center at Ci, 
that numbered 2 has its center at C2, etc. The involute of a 
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polygon or of a circle is obtained in a similar manner. It is used 
in connection with types of gearing. 

37. Archimedes Spiral. This is generated by a point which 
revolves at a uniform rate about a center and at the same time 
recedes at a uniform rate from that center. The radius equals a 
constant times the central angle. Draw the circular arcs (Fig. 7) 
uniformly spaced and numbered 1-12; also the radial lines, uni- 
formly spaced and numbered to correspond to the arcs. The inter- 
section of an arc with the correspondingly numbered radial line 
determines a pomt on the curve. Some cams are based on this 
curve. 

38. Projections of a Helix. The cylindrical helix is a curve in 
three dimensions and is generated by a point which rotates at a 
uniform rate about an axis, while at the same time it moves at a 
uniform rate parallel to the axis. Given the diameter of the 
circle and 0-12 the pitch (Fig. 8). (The pitch is the distance the 
j)oint advances in each revolution.) Divide the circumference of 
the circle and the pitch into the same (convenient) number of equal 
parts. The construction is obvious. If the point moves on the 
surface of a cone instead of that of a cylinder a conical helix will 
result. Machine screw threads, also certain springs, are cylindrical 
helixes; wood screws threads are conical helixes. 

39. Equilateral (Rectangular) Hyperbola. A hyperbola is the 
curve cut from a cone by a plane which makes a less angle with 
the axis of the cone than the elements make. In an equilateral 
hyperbola the asymptotes are at right angles to each other and the 
curve may readily be plotted with these as axes. Given the axes 
OA and OB and a point a on the curve (Fig. 9). Draw CD and EF 



through a parallel to the axes. Suppose that a second point on the 
curve is required, and that its ordinate is to equal OG. Draw GH 
parallel to OB. From /, draw JO and from K, where JO crosses 
EFy draw -K^L parallel to OA and intersecting GH in the required 
point b. If the abscissa of b (OM) had been known instead of its 
ordinate (OG), the process would have been similar. Note that 
bG times bM = aE times aCj or that ry = const. This variety of 
hyp)erbola is used in theoretical discussions of the behavior of gases 
under pressure, as in thermodynamics. 

40. Cycloid. This curve is generated by a point on the cir- 
ciunference of a circle, as the circle rolls along a straight line. The 
generating point meets the straight line at regular intervals, distant 
from each other by a length equal to the circumference of the circle. 
Given the diameter of the circle (Fig. 10). Divide the semi-dr- 
cumference and the half-interval each into the same (convenient) 
number of equal parts. Ci, C2, C3, . . . shows the path of the 
center of the circle, and Ai, A2, As, . . . etc., the path of the 
point. In an epicycloid the circle rolls along the inside, in the 
hypocycloid it rolls along the outside, of another circle. These are 
the curves of gear teeth. 

41. Sine Curve. Given the amplitude and the period (Fig. 11). 
Construct a circle whose radius equals the amplitude. Horizontally 
opposite its center draw a horizontal line equal in length to the 
period. These need not be drawn to the same scale. Divide both 
the circumference of the circle and the horizontal line into the same 
(convenient) number of equal parts. The construction is obvious. 
This curve is useful in the theory of alternating currents. The 
side view of a helix is a sine curve. 
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42. (a) Orthographic * projection is used for practically all plans 
and working drawings. Problems in descriptive geometry are 
solved by the use of orthographic projection. An advantage of 
ortiiographic projection over perspective drawing or any of the 
substitutes for perspective (as isometric drawing) is that in ortho- 
graphic projection a greater number of angles are shown in their 
true size and a greater number of distances in their true lengtii 
(allowing for the scale) ; this is paiticularly true with objects which 
are in large part rectangular. 
. (ft) In theory, the object to be drawn is conceived to be placed 
between three certain transparent planes (see PI. 4), a horizontal 
plane of projection (H), a vertical plane of projection (7)> 2ind 
a second vertical plane of projection (P) at right angles to the 
first. Common practice in this country is to place the object 
below Hy behind V and to the left of P (in the so-called third 
quadrant). 

(c) If from each point of the object three " projecting lines " are 
drawn, one perpendicular to each of the three planes of projection, 
the points in which these " projecting lines " intersect the planes 
of projection are called the projections of these points on these 
planes. Thus, a* is the H projection (top view) of a, a' is its V 
projection (front view), and a*' is its P projection (end view). 
* Greek, arthos, right or straight, and grapho, to draw. 



(d) The distance which a point is behind V is shown on its H 
projection (top view), also on its P projection (end view); the dis- 
tance a point is below H is shown on its V projection (front view), 
also on its P projection (end view) ; the distance a point is to the 
left of P is shown on its H projection (top view), also on its V pro- 
jection (front view). The H projection of a point does not show 
how far the point is from H^ — it may be any distance away; simi- 
larly, the V projection of a point does not show how far the point 
is from V, nor does the P projection show how far it is from P. 

(e) The projection of a line on a plane of projection is found 
by connecting the projections of two of its points on that plane; 
the projection of a plane surface by connecting the projections of 
the points, and lines which make up its outline; the projection of a 
solid by connecting the projections of its various comers, edges and 
faces in proper order. 

43. Visible and Invisible Lines, {a) In drawing the projec- 
tions of a solid, if the projecting line from any point does not pass 
through any portion of the solid before it reaches a plane of pro- 
jection, the point will be visible from that plane. In such case the 
projections on that plane of all lines radiating from that point will be 
visible. PI. 12, line 2 shows the convention for visible lines. 

It is to be noted that, in the top view, no distinction is made between 
the lines a%^ and ^h^ despite the fact that gh is further from the horizontal 
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plane than ab is. Similarly, the projections of eo and cm on the profile plane 
are drawn with the same weight of line, althoiigh from the standpoint of an 
artist it might seem proper to make cm, which is somewhat in the background, 
correspondingly less prominent. 

(b) If, however, the projecting line from a point peases through 
any portion of the solid before reaching a plane of projection, the 
point will be invisible from that plane, and the projections, on that 
plane, of all lines radiating from that point will be invisible. PI. 12, 
line 3, shows the convention for invisible lines; note that they are 
drawn somewhat thinner than visible lines. 

44. Special Positions of Lines, etc. (a) If a line is parallel 
to any one plane of projection its projection on that plane is equal 
in length to the line itself and makes the same angles with the other 
two planes of projection that the line itself makes. The projec- 
tions of such a line on the other two planes are each parallel to, 
and the same distance from, the plane of projection to which the 
line itself is parallel, and each of these projections is shorter than 
the line itself. The length of the projection is equal to the product 
of the length of the line by the cosine of the angle between the line 
and the plane. 

(6) If a line is perpendicular to one plane of projection (parallel 
to the other two) its projection on that plane is a point. The dis- 
tance of this point from each of the other two planes of projection 
is the distance of the line from the corresponding plane. The length 
of the projection of such a line on each of the two planes to which it is 
not perpendicular (and is therefore parallel) is equal to that of the 

line itself. 

(c) The projections of an angle will, in general, be either larger or 



smaller than the angle itself. * If one side of an angle is perpen- 
dicular to a plane of projection the angle will be projected on that 
plane as a straight line; if both sides of the angle are parallel to a 
plane of projection the angle will be projected on that plane in its 
true size. 

(d) The projection of a plane figure on a plane of projection to 
which it is perpendicular will be a straight line; its projection on a 
plane to which it is parallel will show its true shape. 

45. Arrangement of Views. The drawing at the top of PI. 4 
serves simply to illustrate the orthographic principles, it is not in 
itself a drawing in orthographic projection. The drawings at the 
bottom of the page, (I) and (II), are orthographic projections. See 
also PI. 5. The problem of representing these three projections or 
views in their true shape on a flat drawing is readily solved if we 
conceive the flat surface to be divided by a horizontal and a ver- 
tical Une into three f portions. See (i), PI. 4. 

(a) The top view {horizontal projection or plan) is placed to 
the left of the vertical line and above the horizontal line; this 
portion of the drawing represents the horizontal plane, bounded in 
front by the horizontal line which is the top view of the vertical 
plane, and on the right by the vertical line which is the top view of 
the profile plane; the draftsman now draws the horizontal projec- 
tion of the object as it would appear from above. 

♦Varying from o** to 180°. The graphical determination of the actual 
size of an angle whose projections are given is a problem in descriptive geom- 
etry. An analytical solution is always possible, also. 

t Or rather into four, of which three are used. These dividing lines are 
sometimes called ground lines. 



VIEWS, CENTER LINES, REVOLUTION 



23 



(b) The front view (vertical projection or front elevation) is 
placed directly under the top view, point by point, to the left of 
the vertical line ahd below the horizontal line. This portion of 
the drawing represents the vertical plane, bounded above by the 
horizontal line which is now the front view of the horizontal plane, 
and on the right by the vertical line which is now the front view of 
the profile plane; the draftsman now draws the vertical projection 
of the object as it would appear from the front. 

(c) The end view (profile projection or side elevation) is placed 
directly opposite the front view, point by point, to the right of the 
vertical line and below the horizontal line. This portion of the 
drawing represents the profile plane, bounded above by the hori- 
zontal line which is now the end view of the horizontal plane, and 
at the left by the vertical line which is now the end view of the ver- 
tical plane; the draftsman draws the profile projection of the object 
as it would appear from the right-hand side. 

The student would do well, in comparing the pictorial representations of 
the projections with the actual projections, to place on each point of the 
latter the proper letter, as o*, a', o', etc. 

(d) The arrangement of views in (I) is the more common one; 
that in (II) is used where the lower right-hand space is required 
for a title. Note that in the profile projection of (II) the hori- 
zontal line is the end view of the vertical plane and the vertical line 
is the end view of the horizontal plane; in other words the paper 
must be rotated through 90° in order that the end view shall appear 
right side up. 

(e) The position of an object with respect to the planes of pro- 



jection is of comparatively sUght importance. If the object has a 
normal position it should be drawn upright or the drawing will 
seem unnatural. If it has no normal position it should be placed 
in the simplest position and so that as much as possible of the detail 
will be visible. The same three views will result no matter what 
distances from the planes of projection are assumed. As a matter 
of fact most drawings are made with little or no thought of planes 
of projection. Simple and symmetrical objects require only two 
views; others may require four to six. 

The word view is commonly used somewhat loosely. Top view, for example, 
is strictly synonymous with horizontal projection only when the observer is 
looking down on the object from a point at an infinite distance directly above it. 

46. Axes of Symmetry or Center Lines. These should be 
shown wherever possible, as they not only save time in the drawing 
but add greatly to the clearness. The notation for such lines is 
shown on PI. 12, line 4. Illustrations may be found on Pis. 15, 16, 
22, and 23. Some draftsmen use red ink for center lines. 

47. Revolution, (a) A solid, or portion of a solid, must some- 
times be depicted in a position oblique to the planes of projection. 
In such case, first conceive the solid to be placed in the simplest 
position imaginable, i.e., with as many of its edges as possible 
parallel and perpendicular to the planes of projection. Draw its 
projections in this simple position. Next, assume an axis of revo- 
lution perpendicular to a plane of projection and draw the pro- 
jections of this axis. The most convenient position for the axis 
is generally through either an edge or a comer of the solid or through 
its center. 
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(6) Now, if the entire solid be revolved about this axis, each of 
its points will move, in space, in a circle whose plane is at right 
angles to the axis. The projection of this circle on the plane to which 
the axis is perpendicular, and to which the circle is therefore parallel, 
will be a circle of the same size as the circle in space. Its center will 
fall at the point which forms the corresponding projection of the 
axis. The projections of the circle in space on the other two planes 
will each be a line drawn at right angles to the corresponding 
projection of the axis, and extending either side of it a distance 
equal to the radius of the circle. 

(c) The solid, after one such revolution, has not changed its posi- 
tion with respect to the plane of projection to which the axis is per- 
pendicular, — all of its points are exactly the same distance from 
this plane that they were at the beginning. A second revolution, 
about another axis perpendicular to one of the other planes of pro- 
jection, may be necessary in order to bring the solid into the re- 
quired position. The steps in this process will be identical with 
Uiose just outlined ; the solid in its final position will be oblique to 
all three planes of projection. 

48. Illustrations oj Revolutions of Solids (PI. 5). In Figs, i, 2 and 3, a 
right pyramid o-ahcd is revolved about three di£Ferent axes, XX' ^ YY' and ZZ\ 
in turn, starting each time from the simple first position. 

(a) In Fig. i the axis XX' is perpendicular to E (that is, vertical) and 
passes through the lower front comer c. The second position shows the pyra- 
mid after revolution about XX'. The sides of the base are now inclined (at 
about 36°) to V, but are stiU horizontal. None of the [>oints has changed its 
distance from H, therefore the top view is not altered in shape, nor the front 
view in height. 

(&) In Fig. 3, the axis of revolution is perpendicular to V (therefore hori- 



zontal) and passes through the edge he of the base. After revolution the 
points are still the same distance from V as before, therefore the front view is 
simply revolved but not distorted and the top view is just as wide as before. 
The angle which the axis of the pyramid makes with the horizontal shows on 
the front view. The student should supply the letters on the projections in 
the revolved position. 

(c) In Fig. 3 all three views are shown. The axis ZZ' Is perpendicular to P 
(therefore parallel to both H and V) and passes through the center of the base. 
During revolution the end view or profile projection does not change its shape, 
nor does any point of the pyramid change its distance from the profile plane. 
The angle which the axis of the pyramid makes with the horizontal (also with 
the vertical) shows on the end view or profile projection. The student should 
letter the projections of the points in their revolved positions. 

((/) The triangular prism of Fig. 4 is revolved about two axes in succession; 
first about XX' which is perpendicular to V through the center of the prism, 
and next about YY' which is perpendicular to F through the comer c. During 
the first revolution the points do not change their distances from V, and during 
the second they do not change their distances from E. The student should 
supply the missing notation. 

(e) PL 7, Fig. I (a) shows a cube which has been revolved about two axes 
in succession; the student may describe each axis. 

49. The common notation for lines in revolved or alternate 
positions is shown on PI. 12, line 6. It is sometimes necessary to 
indicate that a portion of a piece of machinery, or a gate or door, 
for example, is intended to move back and forth between two 
positions; in such case solid lines may be used for one position and 
dashed lines for the other. 

50. The True Length of a Ldne. All of the projections of a line oblique 
to the planes of projection will be shorter than the line itself. A line may, 
however, be parallel to a plane of projection, in which case its projection on 
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that plane will, as we have seen, be equal in length to the line itself; if it is 
parallel to two planes of projection, two of its projections will be equal to it in 
length, and the other projection will be a point. 

It is sometimes necessary to determine the true length of an oblique line. 
This can, of course, be done analytically, by geometry or trigonometry. A 
draftsman prefers graphic methods; there are two of these, of which the sim- 
pler will now be given. Through either end of the line pass an axis of revolution 
perpendicular to a plane of projection. Revolve the entire line about this 
axis until it is parallel to one of the planes of projection to which the axis is 
parallel; its true length will then show on this plane. Several illustrations 
may easily be supplied from PI. 5. Referring to Fig. i for example, in the left- 
hand (first) (X)sition of the solid the edge oc is oblique to both H and V, To 
determine its true length, revolve it about XX' as an axis until it is parallel to 
V, when its true length will be shown on V. During this revolution the H 
projection of will move in a circular arc with the H projection of the axis XX' 
as a center, until it falls along the H projection of cd. The V projection of 
will meanwhile move horizontally to the left imtil it is directly under the H 
projection of <? in its new position. The true length of oc will then show on 7, 
namely from the V projection of o in its revolved position to the V projection 
of Of which, being on the axis, has not moved. The student may determine by 
a similar method the true length of oc in Fig. 2, using YY' as an axis. In this 
case the circular arc will appear on V and the true length on H, 

51. Shading. The shading of drawings in orthographic pro- 
jection, while it undoubtedly has the effect of causing the object to 
" stand out " and adds to the elegance of the finished drawing, is a 
less common practice than formerly. Two types of shading are 
used. 

(a) Edge shading. This is illustrated on PI. 6, Fig. 4. The 
lower and right-hand edges of each view of a solid are shaded, since 
the light is assumed to come, for each view, in the direction of the 



arrow. These assumptions are not, of course, consistent, but in 
this case simplicity and practical effect are considered to outweigh 
correctness of theory. The method of shading the top view of the 
vertical opening should be noted. The top view of the cylinder 
is shaded by simply moving the center the desired ambimt down- 
ward and toward the right without altering the length of the radius. 
See PI. 16 for the shading of cylindrical holes and for the general 
effect of this type of shading. Edge shading is used on certain 
kinds of maps, particularly those which show city blocks and 
streets. 

(6) Line shading. This is less common than edge shading, and 
is applied almost altogether to curved surfaces. See PL 6, Fig. 3. 
In the case of a cylinder, light rays coming in the direction of the 
arrows will be reflected at varying angles. Those that strike at L 
will be reflected toward the eye, and a light area will result; those 
that strike at D will not be reflected, and hence that portion of the 
cylinder will appear darkest. The cone and the sphere are shaded 
in a somewhat similar manner, as shown. 

52. Auxiliary Views. PI. 6, Figs, i and 2, show each an addi- 
tional or auxiliary view of a portion of an object. The remainder 
of the object might have been added to the auxiliary view; the 
student may do this. The method of obtaining the views should be 
self-evident. Auxiliary views often add much to the clearness of a 
drawing, especially where there are many details which Ue in a 
plane oblique to the planes of projection. On PI. 16, nearly at the 
center of the top of the sheet, there is drawn half of an auxiliary 
view of a portion of the valve; elsewhere on the sheet is another. 
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CHAPTER IV 
ISOMETRIC DRAWING AND SIMILAR SYSTEMS OF PROJECTION 



S3. Isometric * drawing is a system of pictorial representation, 
which, on accomit of its comparative simplicity, is often used as a 
substitute for linear perspective. While it is not suitable for plans 
or working drawings, it can be and is used for convejdng ideas to 
the minds of those not familiar with the principles of orthographic 
projection. Isometric drawings will be foimd, for example, in 
applications for patents, and in illustrations in text books, f trade 
journals and technical periodicals. 

(a) If a cube is placed in such a position that its upper 
face slopes downward toward the front, and one of its long 
diagonals is perpendicular to the vertical plane of projection, 
all of its edges will make the same angle with the vertical 
plane and the outline of its projection on the vertical plane 
will be a regular hexagon. In PL 7, Fig. la, a cube is, by 
two successive steps, rotated into this position. Nine of its 
twelve edges will be visible (from the front), — six of these 
edges will form the outlines of the hexagon, and three will lie 
along the diagonals. The vertical projection of each edge 
will be about 0.81 of the actual length of the edge (cos. 45^-2- 
cos. 30°) ; each edge will thus be foreshortened the same amount, 

^ Greek, isos^ equal, and metron, measure. 

t For isometric drawings in addition to PI. 7, see Pi. i, Fig. 3; PI. 6, Fig. 5; 
Pi. 8, Figs. I and 4; also PI. 20 and PI. 21. 



about one-fifth. The vertical projection of a cube in this position 
is called its isometric projection. 

(b) An isometric projection of an object may be constructed 
without actually rotating the object in orthographic projection; 
in fact, the common method (explained below) is to draw simply the 
front view of the object in its final position. If proper allowance 
is to be made for foreshortening there must first be constructed an 
isometric scale. Fig. 16, shows a graphic method for constructing 
an isometric scale. The actual distances, i, 2, ... are laid off along 
the 45° line, and perpendiculars to the horizontal line are dropped 
from these points of division. The 30° line is next drawn. The 
points of division for the isometric scale lie along the 30® line, 
where it is cut by the perpendiculars. This method is based on 
Fig. la. 

(c) An isometric drawing ol a cube is exactly similar in shape to 
its isometric projection, but foreshortening is disregarded, the 
isometric scale is not used, and all of the edges are drawn their real 
length. A full scale isometric projection of an object will thus 
depict it in its apparent size, while a full scale isometric drawing of 
an object will make it appear somewhat larger than it really is. 
As drawings are so frequently made to a scale, and do not purport 
to show the actual sizes of objects, but only their shapes, this dif- 
ficulty is not a real one. Isometric drawing is, in fact, almost uni- 
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versally used in preference to isometric projection. Fig. i6 
shows an isometric projection and an isometric drawing of a cube 
superimposed; the volumes should appear to be in the ratio of 
about 54 to loo (.81^ to i). 

(d) It will be noted that the nine visible edges of the cube divide 
themselves into three groups of three parallel lines each. Those of 
one group are vertical, those of another are inclined upward to the 
right at 30** to the horizontal, and those of the third are inclined 
upward to the left at 30° to the horizontal. The three edges of 
the cube which radiate from the comer which falls at the center 
of the hexagon make angles of 120° with each other, and are caUed 
isometric axes. See Fig. i c. Any line parallel, in space, to 
one of these axes is called an isometric line, and will show on an 
isometric drawing in its true length. All other lines, called fum- 
isometric lines y will be either lengthened or shortened ; note the face 
diagonals, for example, one of which appears nearly twice as long 
as the other; note also that the long diagonal, which is horizontal, 
shows as a point. Lines which are parallel in space are parallel in 
an isometric drawing; vertical lines appear vertical. For the 
sake of clearness, hidden lines are commonly omitted. 

(e) Plane figures such as triangles, circles, hexagons, irregular 
curves, etc., provided they lie in planes parallel to two of the iso- 
metric axes, are drawn in isometric by referring them to a pair of 
isometric lines as co-ordinate axes, or by inscribing them in rect- 
angles whose sides will be isometric lines. The figures must in 
each case be drawn first in their true shape. See Figs. 2 and 3. 
An approximate method for drawing an isometric circle is shown in 
PI. 3, Fig. 4&. This method gives false ellipses which are a 



trifle too short and too wide, but the error in a 6o°-i20® parallelo- 
gram I in. on each side is less than ^^ in. for the longer axis and 
about -^ in. for the shorter axis. 

(/) An isometric drawing of a solid of rectangiJar outline is 
reaxlily made by laying off the length of the solid parallel to one 
isometric axis {X or F), its width parallel to another (F or X), 
and its height parallel to the third (Z) ; all measurements must be 
made in one of these three directions. A solid of irregular outline 
may be depicted by conceiving it to be placed inside a rectangular 
prism whose edges are parallel to the isometric axes. After the 
prism has been constructed it is " cut away " until nothing but the 
solid remains. See PI. 7, Fig. 4. An isometric drawing may be 
made of any solid in any conceivable position, if, however, the 
solid has some plane faces and straight edges at right angles to each 
other, it is, of course, best to place it so that as many edges as 
possible will be " isometric " lines. 

54. Shading an isometric drawing serves the same purpose that 
shading the views in orthographic projection does, — that is, it 
makes the solid appear to stand out from the paper, and adds to 
the finish of the technic. In PI. 6, Fig. 5, is shown the conventional 
method of shading solids in isometric. It is assumed that the light 
comes in a direction parallel to the long diagonal A-B of the cube. 
Heavy shade lines are then drawn along the four visible edges in 
which a light face and a dark face meet. The shading of a cylinder 
and of a vertical opening are also shown in Fig. 5. For another 
illustration of a shaded isometric drawing see PL 21, Fig. 8. 

55. Sectional or part sectional isometric sketches or finished 
drawings are particularly effective. In the case of a symmetrical 
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object either a quarter or a half of the object is conceived to be 
removed, and thus the interior construction is clearly revealed. 
See PL 21, Figs, ii and 12.* 

56. Direction of Axes. Isometric drawings are usually made to 
show the top face and two side faces of an object at once. It may 
be desirable to show the bottom rather than the top, as in drawing 
the details of a cornice for example; in this case the axes must 
extend respectively vertically upward, downward to the right at 
30° to the horizontal, and downward to the left at 30° to the hori- 
zontal. See PI. 8, Fig. 4, also PI. 21, Fig. 6. The isometric axes 
may, in fact be drawn in any direction, save only that they must 
always make 120° with each other. The position in which they 
are inclined at 30® and 90° with the horizontal involves, however, 
the least effort in drawing, and is most common. 

57. Isometric Sketches. The ability to sketch in isometric 
is a valuable accomplishment. The sketches may be made entirely 
freehand; the use of isometric paper, on which a background of 
faintly ruled lines is stamped, enables one to sketch rapidly and 
accurately without a scale. 

58. An isometric drawing resembles true perspective, but does 
not give as correctly proportioned a representation of an object, 
in other words, it does not depict it precisely as it appears to the eye. 
This is particularly true of an object whose greatest dimension 
extends horizontally backward, away from the eye. The resulting 
distortion has the effect of making the rear portion appear wider 
than it should. See PL 20, Fig. 4. This distortion may be reduced 

* For such an isometric drawing involving a vast amount of detail see 
Engineering News, v. 68, p. 141. 



by placing the object with its greatest dimension vertical, as in 
PI. 7, Fig. 4. The advantages of isometric drawing over true 
perspective are two, rapidity of construction and ease in scaling. 
In perspective drawing, however, the draftsman has a wider choice 
of positions, corresponding to different directions from which the 
object may be viewed. Since an isometric drawing reveals the 
shape of an object almost at a glance, it is in some respects to be 
preferred to a drawing in orthographic projection. Where many 
and complicated details must be shown, however, orthographic 
projection is preferable. PL 8, Fig. 5, gives precise information 
concerning the invisible portions of the block, while Fig. i leaves 
several questions unanswered. 

59. Axonometric Drawing, (a) In PI. 7, Fig. la the cube is 
rotated into the " isometric position," with one of its long diagonals 
horizontal and extending directly away from the eye (perpendicular 
to F). It might have been rotated into any one of an infinite 
number of other positions instead, and its V projection (or in fact 
any of its projections) would have served in each case as a repre- 
sentation of the cube. No two of its three groups of edges, would, 
in general, make the same angle with V, and consequently the fore- 
shortening would be different in the direction of each axis. If 
certain assumptions are made regarding two of the axes, the direc- 
tion and the amoimt of foreshortening of the third may be deter- 
mined graphically (by descriptive geometry) or analytically (by 
computation). These positions would require in general the use 
of three different scales, and any one would result in " trimetric " 
projection or trimetric drawing. PI. 8, Fig. 2, illustrates one 
trimetric position, in which the cube appears particularly lifelike; 
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compare Figs. 2 and 8 for example. If two of the axes are equally 
inclined to V the term " dimetric " projection is sometimes 
used. 

(b) PI. 8, Figs. 3, 6 and 7 show three approximate methods for 
depicting objects. None of these is theoretically correct. Their 
advantage over isometric drawing is, however, that there is no 
distortion in planes parallel to two of the axes and that, conse- 
quently, circles, etc., in these planes will appear in their true out- 
line. In " cabinet " projection (Fig. 3) two scales are used, full 
scale along X and Z and (generally) half scale along F. Framed 
timber joints, pipes, shafting, etc., are readily drawn in this system. 
In " cavalier " ♦ projection (Fig. 6) the same scale is used in all 
three directions. If the left-hand side of an object is to be shown in 
iabinet or cavalier projection the Y axis must extend upward 
toward the left. The system which is here called "3o°-6o® 
oblique " (Fig. 7) is convenient for illustrations such as that of a 

* Cavalier in French military parlance signifies a high point within a 
fort 



block or more of buildings.* The terms cabinet and cavalier are 
sometimes used interchangeably. Both are, in one sense, varieties 
of oblique projection. 

(c) The student should compare each axonometric system shown 
on PL 8 with the orthographic projection (Fig. 5) and with the per- 
spective drawings (Figs. 8 and 9) of the same cube. It will be noted 
that the cube appears to vary in size according to the system of 
projection used. 

(d) Solids of irregular outline are, of course, drawn in any of 
these axonometric systems in a manner similar to that explained 
under isometric drawing. Measurements must in all cases be made 
parallel to one of the three axes, and in no other direction. 

(e) Freehand sketches can be made in the various axonometric 
systems with almost as much facility as in isometric. Several 
varieties of trimetric ruled paper are obtainable. For cabinet or 
cavalier sketches, ordinary cross-section paper ruled in quarter-inch 
squares is convenient. 

♦ See plan in the front of the Yale University catalogue. 
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Lettering 

60. Types of Letters. There are three used by draftsmen. The 
Roman letter, used on some elaborately finished maps, is at once 
the most beautiful and the most difficult to execute properly. 
The thick Gothic letter (PI. 10) is used to some extent in titles and 
elsewhere. By far the most common letter on working drawings and 

' plans is the single-stroke, or " Reinhardt," letter (PL 9) made 
freehand. * 

61. Single-stroke Lettering, (a) Light horizontal guide lines 
for the tops and bottoms of the letters, and an occasional slope line, 
should be drawn before any lettering is begun. The height of 
capital letters or figures on an average drawing should not be less 
than I in.; it need seldom exceed i in., and then only in a title. 
Both vertical and inclined letters are used by draftsmen. Inclined 

* The ability to letter well can be acquired by consistent, properly directed 
practice. The periods of practice should be short, but they should come at 
frequent and regular intervals. 

For an illustrated description of the author's practice tablet for single- 
stroke freehand lettering see the Bulletin of the Society far the Promotion of 
Engineering Education for September, 191 7. 

Books on lettering are Reinhardt's "Lettering for Draftsmen, Engineers and 
Students," — the first book and for a long time the only book on single-stroke 
letters; Jacoby's "Plain Lettering"; Sherman's " Theory and Practice of 
Lettering "; and French and Meiklejohn's " Essentials of Lettering." 



single-stroke letters are, however, easier to make than vertical 
ones, for two reasons: first, because most people write an inclined 
hand; second, because, in the case of vertical letters a slight depart- 
ure from the vertical is so perceptible. The slope should be 2 units 
vertical to i unit horizontal, that is, the angle of slope should be 
the angle whose tangent is 2 (about 63§°). Some draftsmen prefer 
greater or less slopes, varying from 60° to 70°; that given is an aver- 
age value. 

(6) Use a 3H pencil and keep it moderately sharp. The order 
and the direction of strokes are essential features of single-stroke 
lettering, and should be strictly observed. See PL 9, and note that 
most of the strokes extend downward or toward the right. Do- not 
go over a stroke, thinking to patch it up after it has been made, 
but make each stroke clean-cut. 

(c) It is to be noted that, in the Reinhardt system, the letters 
are simpler and more uniform than the type commonly used by 
printers. Observe that, in the capital letters, all of the horizontal 
cross-bars are drawn slightly above the center, except in the case 
of the A. Letters like K^ B and S are slightly wider at the base 
than at the top. Notice particularly the order of strokes in such 
letters as iV, M , Wy C/, O, and 5, and in such figures as 9, 6, and 8. 
Of the lower-case letters, note that certain letters, as o, c, e, etc., 
the " body " letters, do not extend either above or below a certain 
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uniform space; that certain others, as d, J, /, etc., extend a' uniform 
distance above this space, so that their total height is 15 times that 
of the body letters; and that certain others, as q, g, and p extend 
downward the same amount, so that their total height is also ij 
times that of the body letters. The letters should be taken up in 
family groups, and a study made of the points of resemblance and 
dissimilarity between the letters of the group. /, L, T, H, F, and 
Ey for example, constitute the simplest group of capital letters, and 
0, c, e and s make up a group of lower-case letters. 

62. Spacing of Letters, (a) After a degree of skill has been ac- 
quired in the forming of the separate letters they may be grouped 
into words and sentences. Capitals and figures are made as high as 
the taller lower-case letters. Letters in a word should be closely 
spaced, with as nearly as possible eqtial areas of white between ad- 
joining letters. The space between two successive words should be 
greater than that between the letters in a single word; in general 
there should be enough space between two words to contain an 
extra letter. To illustrate, print the word " inclined," and drop 
out the letter " c " leaving '* in lined." A slight extra allowance 
should be made for a comma, more for a period. Where printing 
extends over more than one horizontal line, as in notes or a title, 
the clear space between the bottoms of the letters in one line and the 
tops of those in the line below is seldom made more than the height 
of the letters or less than half their height. Never print so that the 
letters rest directly on an inked line, rather rule a line in pencil at 
least t\r ui- above the inked line and let the letters rest on this pen- 
ciled line. 

(i) Both condensed lettering and expanded lettering are illus- 



trated by the vertical alphabets on PI. 9; inclined letters of average 
spacing are illustrated on PI. 16. Letters which approach the 
condensed style are generally preferable to those which approach 
the other extreme, and are somewhat easier to execute. Expand- 
ing a word serves to emphasize it; other means for emphasi? are 
increasing the height, increasing the thickness of the strokes, cap- 
italizing and underlining. 

63. Lettering should generally be penciled before it is inked. 
In lettering with pen and ink the tendency is to bear on too hard. 
Use a stiff writing pen and a small amount of ink and bear on lightly; 
if a wider line is desired use a coarser pen.* The student should 
experiment with different pens until he finds several that suit him. 
Avoid a crow-quill pen. For comparatively large letters, as in 
titles, some experienced draftsmen obtain good results with a ruling 
pen, used freehand. A better and more modem method is to use 
especially constructed pens which make wide uniform lines; such 
are the " Shepard " and the " Payzant " pens, which cost about as 
much as a ruling pen, and the " Esterbrook Drawing and Lettering 
Pen " which is inexpensive. 

64. Titles. The letters used in titles are usually all plain 
capitals, var)dng in height from J in. for the most important words 
or lines to \ in. for the least important. Relative importance .of 
words is sometimes shown also by varying the thickness of strokes, 

* Among writing pens suitable for lettering are the following: Coarse: 
Leonhardt's No. S16F; Gillott's No. 1032; Spencerian No. 21; Esterbrook's 
No. 788. Rather Coarse: Gillott's No. 604; Esterbrook*s No. 802. Medium: 
Gillott's No. 404; Esterbrook's No. 655. Rather Fine: Gillott's No. 303; 
Spencerian No. i. 
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and the spacing of letters. There are three varieties of titles, one 
is used on maps, the other two on working drawings, or drawings of 
objects which are to be constructed. See PL ii, also Art. 78. 

(a) " Map " Title: See (I). This is generally placed at or near 
the lower right-hand comer of the sheet. Simple Gothic letters 
or single-stroke letters are used (occasionally Roman letters). 
They may be either all inclined or all vertical. The space between 
the bottom of each line of letters and the top of the line below it 
should be imiform throughout the title, irrespective of the varying 
heights of the different lines. The title should be symmetrical 
about a vertical axis. It is often better to draw out the title in 
pencil on another part of the sheet, or on another sheet, making no 
attempt to " balance " the different lines about the axis, but simply 
marking the center of each line. Another method for balancing is 
to coimt the letters in a line (counting the space between two words 
as a letter); then to pencil in the letters, lightly, working to the 
right and left after having placed the proper letter on the axis. 
The title of the working drawing sheet of PL 16 is arranged in the 
form which is more common on maps. 

(b) " Working Drawing *' Title. This is most commonly 
" boxed in " at the lower right-hand comer of the sheet. In such 
case the dimensions of the containing rectangle should not be 
greater than about one-sixth the corresponding dimensions of 
the border line, nor less than about 3 in. long by 2 in. high. 
See (II). 

(c) ^^ Record Strip J ^ Some firms use, instead of this type of 
title, a record strip, illustrated in (III). It has certain advantages 
over the form just described, in providing more space for various 



memoranda, especially where the same drawing is made use of for 
an extended period. 

In some offices, titles are printed, in whole or in part, from type or with a 
rubber stamp. 

Dimensioning 

The art of dimensioning can be acquired by the study of properly dimen- 
sioned drawings, and by practice. A certain knowledge of shop methods will 
be found useful. The following simple rules cover the points essential for 
a beginner. See PL 12. 

65. What Dimensions to Include and Where to Place Them. 

(a) The aim of the draftsman should be to place on his drawing 
sufficient dimensions to enable the workman, without any scaling 
of the drawing or any additional computing, to construtt the object 
of the size and shape required; any further dinensions are useless 
and confusing. 

(b) " Over-all " dimensions and distances between center lines are 
particularly important and should always be given. 

(c) Unless it will add materially to the clearness of a drawing, 
do not repeat a dimensiony — simply give it once. 

(d) Place dimensions generally between views, and nearest the 
view on which the particular detail shows the clearest. 

(e) Always place the longer dimension outside of its several com- 
ponent dimensions. 

(/) In general, do not dimension an invisible line, 
(g) It is, as a rule, better not to dimension an inclined line, 
directly; rather give its horizontal and vertical components. 
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(A) Where practicable, express the angle between two lines in 
terms of rectangular co-ordinates rather than in degrees and minutes. 

Another method is illustrated as follows: if a line makes 23^-30' with the 
horizontal, draw near it a right-angled triangle whose hypothenuse makes this 
slope; mark its horizontal leg either i.ooo' or I'-o" and its vertical leg either 
.435' or sH". 

66. A complete dimension includes (a) the extension lines, (6) 
the dimension line with its arrowheads, and (c) the figiu'es. 

(a) The Extension Lines. Draw these parallel to each other, 
and at right angles to the line or edge whose length is shown. On a 
pencil drawing use light full lines; on an inked drawing use long, 
thin dashes (line 10). Begin them about ^ in. from the outline of 
the object, and extend them about \ in. beyond the dimension line. 

(6) The Dimension Line, Draw this parallel to the corre- 
sponding line on the drawing, and never less than \ in, away, A 
light, full line may be used on pencil drawings; on an inked drawing 
use a black line with long dashes (line 8) ; on small drawings a light, 
full line (line 9). Leave a break near the center of the line for the 
figures. (Structural draftsmen prefer not to leave the break, but 
to place the figures above the dimension line.) Never use the out- 
lines nor the center lines of an object, nor extension lines, as dimen- 
sion lines. Dimension lines must not cross each other. Place an 
arrowhead at each end of a dimension line, with the point exactly 
on the extension line which marks the limit of the dimension. 
Make the heads about f in. long, tapering, and slightly concave 
outward (PI. 12). Make pencil arrowheads clear and distinct, and 
on inked drawings make them in black ink. 

(c) The Figures, These should indicate the actual distances on 



the object depicted, irrespective of the scale of the drawing. Always 
choose for each dimension figures clear space on the drawing where 
the dimension will not be obscured by a line of the drawing. On 
an inked drawing the figures are always in black. Print the figures 
in the break left in the dimension line, if possible, but in any case 
parallel to the distance on the drawing to which they refer. Figures 
should always appear right side up when viewed either from the 
lower edge or from the right-hand edge of the sheet. The figures 
should never be less than A in. high, they need seldom be higher 
than J in. For the numerator and the denominator of a fraction 
use figures about two-thirds as high as the other figures, making 
the fractions about 50 per cent taller than the integers. Do not 
crowd the figures; if the space allotted to them is necessarily limited 
place the figures a short distance away (still parallel to the dimen- 
sion line), and use a curving freehand line to serve as a pointer. 
Do not, however, try to save figiures by usmg two pointers extending 
from the same figure to two equal spaces, — each space must have 
its own figures. See PI. 12. 

Express distances less than ift, thus: ^", if", io|". 

Express distances between i ft, and 2 ft, thus: 12 J", 23!". 
(Structural draftsmen prefer I'-oJ", i -iif")- 

Express distances g;r eater than 2 ft, (unless otherwise directed), 
thus: 2'-oJ", 3'-7", io'-qI''. (A few draftsmen use 3FT.-6".) 
Diameters of pipe and shafting, lengths of wheel treads, etc., are 
usually expressed in inches. 

Fractions used must be multiples of one sixty-fourth of an inch, as 
A", H", A", t", etc. (never ^V", A", :sHr"). They must be reduced 
to their lowest terms, as J", not H"- 
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Make the dividing line of a fraction a horizontal line, never a 
slanting one; otherwise it would be easy to confuse such dimensions 
as 1 1^" and H"- Where extreme accuracy in construction is essen- 
tial, express a. distance in inches and hundredths or thousandths of 
an inch, as 2.72", 10.035". 

Indicated dimensions take precedence over scaled distances, in 
case the two do not agree. There is more need for clear and unmis- 
takable figures than for clear and unmistakable letters, — one may 
occasionally guess at a letter, but it is not safe to guess at a 
figure. 

67. Circles and Other Curves. Give the diameter of a drcle, 



not the radius. As abbreviations, rod, and diam. are to be preferred 
to r. and d. or R, and D, Give the radius of an arc, at least if it is 
less than a semicircumference. Space small circles, as rivet or bolt 
holes, by locating their centers with resp)ect to each other or to one 
or more axes or finished edges. In the case of circular holes arranged 
in a circle, give the diameter of the circle which passes through their 
centers; this drcle is a " center line " and should be so drawn 
(line 4). Define irregular (or non-circular) curves by giving the 
distances of their important or salient points from well defined edges 
or axes, in other words by giving a series of rectangular coordinates 
of these points. 
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68. A working drawing is one from which the object depicted is 
to be constructed. It is generally a drawing or series of drawings in 
orthographic projection, although one or more isometric drawings 
are sometimes added for the sake of clearness, particularly if any 
portion of the object is of new or unusual design. Besides the actual 
projections or views, a working drawing includes the necessary 
dimensions, notes, and a title. 

69. Assembly Drawings and Detail Drawings. If the design 
is very simple, three fully dimensioned views of the entire object 
with all of its details may be sufficient. For an object which 
is at all complex, however, this will not be satisfactory. It 
is therefore common practice to make an " assembly " drawing 
and one or more " detail " drawings. An assembly drawing 
shows views of the entire object, with each part in its proper 
place. Few, if any, dimensions are placed on it. A detail drawing 
includes the necessary views of each separate piece or portion of the 
object, in some cases an isometric sketch as well. PL 16, for 
example, is one sheet of 19, of which 5 make up the assembly 
drawing and 14 the detail drawing of the controlling valve and its 
appurtenances. 

70. The scales used throughout a working drawing should vary 
with the size and complexity of the details depicted, that is, the 
smaller and more complicated objects should be drawn to the larger 



scale; some even larger than actual size, perhaps. See Art. 7 
for the scales in common use. See PI. 11, (I), and PI. 16, for examples 
of graphical scales; these are not common on working drawings. 

71. The number of views of .each detail required depends on the 
shape of the detail and the number of axes of symmetry to which 
it can be referred. Objects approaching a cylindrical outline seldom 
require more than two views, others require three or more. Auxil- 
iary views are often necessary. See Art. 52. Do not, however, 
multiply views needlessly. 

72. Arrangement. There are no fixed rules regarding the 
arrangement on the sheet of the various component parts of a work- 
ing drawing. The draftsman should aim, however, first to arrange 
the sheet or series of sheets in something approaching a logical order, 
that is, so that the more comprehensive views will, in general, pre- 
cede those which show minute details; and second, not to leave 
large areas of the paper vacant. It is often possible to devise a 
system of numbers or letters which will serve as cross references 
from one part of the drawing to another, or from a view to the bill 
of material. See PI. 16. 

73. Sectional Views. A sectional view, which shows the shape 
of a right section of an object or of a portion of an object, often 
serves to bring out clearly some details of interior construction 
which it would otherwise be difficult to show. In the case of a sym- 
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metrical object, a half-sectional view is generally sufl5cient; some- 
times even a quarter-sectional view will serve the purpose. Sec- 
tional views are usually " cross-hatched," using thin 45^ lines about 
^ in. apart; the spacing is made equal by estimation, not by meas- 
urement. See PL 12. " Section liners " are not worth while unless 
a very large amount of cross-hatching must be done at one time. 
The section lines on adjoining pieces are drawn at contrary slopes 
at right angles to each other. See Pis. 13 and 14. Portions of the 
object which are in the background and plainly visible may be 
shown on a sectional view if the drawing is thereby made clearer; 
it is often best to omit invisible lines however. See PL 13, Figs. 
3 and 4. 

For a simple " longitudinal " section see PI. 13, Fig. i. The trace of the 
cutting plane, AB,\s sometimes made much thinner than is here shown; some 
draftsmen prefer a long dash and two short ones. For a half " transverse '' 
section see PL 13, Fig. 2. This combination of half section and half end-view 
is a conmion one for objects which have a plane of symmetry. PL 13, Fig. 3, 
illustrates three methods for drawing cross-sections of long, straight objects; 
in (b) the arrows denote the direction in which the observer is conceived to be 
looking. In PL 13, Fig. 4, three sectional views of a single object are shown, 
one along ABC, one along DEFG, and one on XX\ This drawing will repay 
careful study. On PL 16 are shown a variety of sections, A- A, B-B, etc., 
also an enlarged section (near the upper right-hand comer). 

It is common practice in machine drafting not to cross-section shafts, 
bolts, rods, keys, screws, etc.; that is, the cutting plane is considered not to 
cut such parts, with the result that they stand out more clearly on the drawing 
than they otherwise would. 

74. Conventions for Various Ifaterials. Sectional views may 
be made to show not only the shape of a right section, but the 



material or materials composing the piece. As yet there is, imfor- 
tunately, no miiversally accepted set of conventions for this,* but 
most of those shown on PL 14 are in common use. Where he is not 
absolutely certain that his particular set of conventions will be 
understood, the draftsman should either illustrate and tabxilate 
those he uses, as is done on PL 14, or else specify each material in 
words, on the section itself. 

75. Breaks. In depicting a long object which is uniform in 
cross-section for a large proportion of its length, the expedient 
of " breaking " one or more views is frequently adopted, to save 
space. See PL 14 for illustrations of typical breaks. The conven- 
tion for metal breaks is used also for stone, etc. In all such cases 
the dimension lines are drawn as if there were no break See 
illustration on PL 14, (2'-icJ"). Sometimes such dimension 
figures are underlined, to show that the dimension is not to scale. 

76. Notes. These should specify, precisely and clearly, just 
what materials are to be used, how they are to be fastened together, 
how the surfaces are to be finished, how many pieces of each sort 
are required, etc. Considerable experience with shop methods is 
necessary on the part of a draftsman before he can supply the 

* For example, many draftsmen prefer to indicate copper sections in the way 
aluminum is here shown; insulation by very wide 45° or 60® lines close together, 
or by solid black, etc. The convention for glass consists of portions of thin 
45° lines distributed over the surface m such a way as to suggest an irregular 
reflection. 

See Transactions of American Society of Mechanical Engineers, vol. 36, 
p. 965, for Report of Committee on Standard Cross-sections and Symbols. 
The conventions on PL 14 substantially conform to this Report except in the 
case of the symbol for wrought iron. 
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proper notes. He should not hesitate to make the notes full and 
explicit; often a properly worded note may serve the purpose of an 
additional view, and serve it better. 

77. Bill of Material. This is essentially the portion of the 
notes which can be presented best in tabular form. It is necessary 
on most working drawings. An excellent example of a bill of 
material is that on PI. 16. Column i, with the " index letters " is 
sometimes omitted; the order of the columns may be varied to 
suit particular conditions. 

78. Title. This sets forth, in plain letters, the name of the 
object depicted; the draftsman's name or initials; the name of the 
person or firm by whom the draftsman is employed; the name of 
the person or firm for whom the object depicted is to be made; 
the date; the scale; a filing nmnber; etc. See Art. 64 for hints 
on lettering a title, and PL 1 1 for specimen titles. 

79. ScrewSi Bolts and Nuts. As this subject is treated 
thoroughly in books on machine drawing and design, only a bare 
outline will be given here. 

(a) Screw threads. These are helixes (see PI. 3, Fig. 8). The 
curve of a wood screw is a conical helix. Screw threads (PI. 15, 
Fig. i), are classified according to their cross-section into Sharp V 
(a), U. S. Standard (6), Square (c); also Buttress, Acme, Whitworth, 
etc., not shown. They may be right- or left-hand and single, 
double or triple. Those illustrated are single right-hand threads. 
Since the accurate drawing of a helix is somewhat laborious, it is 
common practice to conventionalize it when drawing a screw; 
thus in Fig. 2, {a) shows the common convention for a thread of 
large diameter, (6) shows the commonest convention for a thread 



of average diameter, and (c) shows a convention for an invisible 
thread. 

(J) Bolts and nuts. The illustration, PI. 15, Fig. 3, shows the 
conventional methods of representing rough or " unfinished " U. S. 
Standard bolts, both those with square heads and those with hexag- 
onal heads. Tables giving the standard dimensions of bolt and 
nut for each diameter of bolt may be foimd in various handbooks 
and textbooks. On a drawing it is only necessary to give the diam- 
eter and length of the bolt, and the length to be threaded; all other 
dimensions including the pitch are standard. On a drawing of a 
hexagonal head it is common to show three faces, on a drawing 
of a square head one face. There are many other forms of bolts, 
such as tap bolts, anchor bolts, drift bolts, eye bolts, carriage 
bolts, etc., most of which are threaded. 

{c) Screws. In PL 15, Fig. 4, are shown some common forms of 
" cap screws," or screws which are used to hold together two pieces 
of metal by passing through a smooth hole in one and screwing into 
a tapped hole in the other. Fig. 4 (a) shows a hexagonal head, (6) 
shows an oval fillister and a flat fillister head, and (c) shows an oval 
countersunk and a flat countersunk head. The ends of these screws 
are rounded as shown in (a). Other familiar types of screws are 
set screws, lag screws, machine screws, and wood screws. For 
each type there is a standard table which gives the various radii 
and dimensions for any given diameter. 

80. Tracing, (a) Drawings which are to be traced in ink are 
not generally inked on the ** original." Some drawings are pen- 
ciled, without any ** original," directly on the tracing. Tracing 
cloth, or linen, will be used for this course. Tracing paper is used, 
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in practice, for sketches, etc.; it is considerably cheaper and less 
durable. 

(ft) Use the dull side of the tracing cloth. Tear off the selvage 
edge, if there is any. Lay the doth flat, smooth it out, stretch it 
tight, and fasten it with thiunb tacks so placed as to come outside 
of a penciled trimming line drawn f to ^ in. outside the border line. 
Rub a little magnesia, or some powdered chalk free from grit, over 
the surface of the cloth, and carefully wipe off any siuplus powder. 

8i. Order of Inking. This should be as follows: 

(a) Circles and circular arcs; 

(b) Straight lines of the object; 

(c) Center lines; 

(d) Extension lines, dimension lines, arrowheads; 

(e) Dimensions (figures); 

(J) Section lines (cross-hatching) • 
(g) Border line; 
(A) Notes and title. 

82. Be sure that the ruling pen is clean, sharp and in good con- 
dition. Use rather less ink in the pen than when working on draw- 
ing paper. Make the lines somewhat bolder or heavier than those 
on drawing paper. Draw exactly over the lines imdemeath. Ink 
dries slowly on tracing cloth; try to avoid blots, but if one does 
occur apply a blotter instantly. Finish tracing one view before 
beginning to trace another; otherwise, since tracing doth expands 
and contracts more with changing weather conditions than draw- 
ing paper does, it may later be difl5cult to match up lines at the 
extreme ends of a drawing. 



83. Erasing from Tracing Cloth, (a) This is more difficult 
than erasing from drawing paper; be careful, therefore, to avoid 
mistakes in tracing. If an inked line must be erased, allow it to 
dry as long as possible first, an hour perhaps. Place a hard, smooth 
surface underneath the spot to be erased. To remove the surplus 
ink, experienced draftsmen sometimes use, very sparingly, the 
flat edge of a very sharp knife, and follow this with a pencil eraser. 
Beginners are advised, however, not to use the knife on tracing doth, 
but to use simply the pendl eraser. 

(J) In inking over a surface where there has been an erasure, set 
the ruling pen rather finer than was originally required, and use 
less ink. The line may be carefully " built up '' to the required 
thickness by going over it several times. The shine may be restored 
to the surface by the use of a soaps tone pencil. 

84. To dean tracing cloth or to remove pencil marks, use 
a piece of art gum, or a soft cloth moistened with gasoline or 
benzine. It is essential that the lines of a tracing be black and 
opaque; in using the art gum, therefore, rub lightly over inked 
lines. 

85. Trim the cloth, after taking it off the board, to a penciled 
line drawn at least f in. outside the border line. Never fold or 
crease tracing cloth. Never get it wet or even moist. Be careful, 
especially on warm days, not to touch it with arms damp with 
perspiration. 

86. Reproduction of Drawings, (a) Blueprinting is the com- 
monest and cheapest method for reproducing drawings. The 
various prepared papers available differ in weight, in length of 
exposure necessary and in quality or price. Blueprint paper 
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mounted on cloth is more expensive but very aurable. Blue 
print paper is a pale canary yellow when fresh. Either electric 
arc-light machines or daylight may be used for printmg. Clean 
water is used for washing and fixing. If the lines on the tracing 
are bold and black they should appear clear white against a blue 
ground on the blueprint. 

(J) Colored inks do not print as clearly as black, although the 
colors near yellow and orange print more clearly than do those near 
blue and green. ' 

(c) Several solutions such as quicklime and water or soda and 
water will^ when used as ink; give white lines on a blueprint; a white 



or a yellow pencil is often used instead. A blue pencil may be 
used for obliterating a white line. 

{d) Other processes for the reproduction of drawings give brown 
or black or blue lines on a white background. They differ in details, 
but all are more expensive than the ordinary blueprint. Where a 
large number of reproductions of a single comparatively small 
drawing are required, a line cut is often the most satisfactory. PL 
i6 was reproduced by this process. 

(e) Tracings are sometimes reduced for reproduction by photography. 
See Engineering Record, 191 1, vol. 64, p. 725, and Engineering News, 191 2, vol. 
67, pp. 351) 545. 
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87. (a) In linear or mechanical perspective, such as architects 
use, a transparent vertical plane is conceived to be placed between 
the observer's eye and the object to be drawn, perpendicular to the 
direction in which the observer is looking. If he traces on this 
plane the outline of the object as he sees it through the plane 
he will have constructed on the plane a " perspective " * 
drawing. 

(b) Referring to PL 17, Fig. i, it is readily seen that if a straight 
line were to be drawn in space, connecting any point on the cottage 
with the observer's eye, it would pass through the corresponding 
point on the drawing which has been traced on the screen. If the 
screen had been held nearer the cottage the drawing would have been 
larger; if nearer the observer's eye it would have been smaller. 
If, however, the observer had approached so near that the cottage 
subtended a large angle of vision the drawing would not have 
appeared lifelike, but would have seemed distorted or out of pro- 
portion. This is because the retina of the eye, on which objects 
are " seen," is not plane but spherical. 

(c) Referring now to PI. 17, Fig. 2, lines connecting the points 
a*, i*, c*-/* and a% b% (f-f, in proper order, form respectively 
the top and front views (horizontal and vertical projections) of a 
simple house, whose nearest vertical edge is in the vertical plane 

* Latin, per, through, and spicio^ look. 



of projection. Imagine the observer's eye located at the point 5, 
shown by its projections ^ and s^. Rays of light (as fo, his, etc.), 
from each comer of the house to the eye pierce the vertical plane of 
projection at certain points — as 5, B\, etc., which are the vertical 
traces or piercing-points of the rays of light. If now these traces or 
pierdng-points are connected in order, a perspective drawing is 
formed on the vertical plane of projection, in the same way that 
the picture of the cottage was formed on the transparent screen of 
Fig. I. 

88. It will be noted on this perspective drawing: 

{a) That all lines which are actually vertical appear vertical. 

(ft) That the lines ABj CD, A\B\y and CiZ?i, which actually are 
horizontal and parallel to the ridge pole EF, appear on the drawing 
to converge at o^^, the (vertical projection of the) point in which 
the horizontal line drawn through S parallel to £F pierces the 
vertical plane of projection. 

{c) That the lines AiDi and BiCi,— also AD and BC, not 
drawn, — ^which actually are horizontal and at right angles to the 
ridge pole £F, appear on the drawing to converge at o\, the 
(vertical projection of the) point in which the horizontal line 
drawn through S parallel to i4iZ?i, 5iCi, etc., pierces the vertical 
plane of projection. 

{d) That the line o\o''r passes through 5*; in fact that the (ver- 
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tical projection of the) point in which any horizontal line through 
S pierces the vertical plane of projection lies along the line 

(e) That, excepting AAi, which lies in the vertical plane^ all of 
the lines in the perspective drawing are foreshortened. 

89. Practical Modification. The above method for producing a 
perspective drawing can be slightly simplified in some of its 
details. PL 18, Fig. 2, shows what is perhaps the most common 
and practical arrangement of views. It has been made from PL 17, 
Fig. 2, by the following simple modifications: 

(a) Omitting the front view (vertical projection). In its stead, 
an end elevation and a side elevation of the house have been drawn 
elsewhere on the sheet, simply for purposes of reference as to 
dimensions and details. 

(b) Raising the perspective drawing, and with it the points (?1, 
/ and Os, imtil 0*1^ and Og coincide with o^ and (4> respectively, 
at points now marked Vj^ and Vr. The point s^ now falls at P, 
and the point 5*, whose position on the drawing has not changed, is 
marked 5. 

90. Definitions. See PL 18, Fig. 2. 

(a) Picture plane, the plane of the perspective drawing; in 
this case the vertical plane of projection also. 

(b) Station point (S). The position of the observer's eye. 

(c) Point of sight (P). A point on the picture plane directly 
in front of the observer's eye; it is sometimes called the center 
of vision. 

(d) Horizon (Vl-Vr). The horizontal line which lies in the 
picture plane, and which passes through the point of sight. The 



horizon is thus the intersection of the pictiu^ plane with a hori- 
zontal plane through the observer's eye. 

(e) Vanishing points. Each set of parallel lines in space has a 
" vanishing point," or point of convergence, on the drawing. 

(x) The vanishing points for all horizontal lines lie on the 
horizon. V^ and V^ are simply the particular vanishing points 
for those horizontal lines which are parallel to the sides of the 
house. To find the vam'shing points for any other set of 
horizontal lines, as, for example, those parallel to AC, proceed 
as follows. Draw aV, and from S draw a line parallel to it, 
intersecting the horizon at the required vanishing point (not 
shown). It will be foimd that both AC and AiCiy would, 
if produced, pass through this vanishing point. The vanish- 
ing point for lines parallel to the horizontal line BD will be 
found to fall off the paper; a construction for such cases will 
now be given. 

To draw a line from a point toward the inaccessible intersection of two 
given lines (PI. 18, Fig. la). Given the lines hi tuidjk, and the point r. 
Through r draw any two lines intersecting hi and jk at m and n, respec- 
tively, and draw mn. Assume m' anywhere on hi^ and draw m'n' parallel 
to mn. Draw lines from m' and n' parallel to mr and nr respectively, and 
intersecting at r'. Then r/ produced will pass through the inaccessible 
intersection of hi sindjk. 

(Fig. lb). If hi is the horizon and jk is a line through S parallel to 
the horizontal projection of the horizontal line whose vanishing point is 
sought, the process may be simplified as follows: Draw m vertical; next 
draw nm at a convenient angle with it, say 30^ or 45^; rm need not actually 
be drawn. Next assume n\ and through it draw a vertical line, and also 
draw nW parallel to nm, A line from m' parallel to mr will give a point / 
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on the required line from t toward the inaccessible vanishing point. In 
applying this method to a set of lines converging at a common vanish- 
ing point, the vertical line through n' may remain fixed, and, if the 
same angle of inclination is used each time, m' may also remain fixed. 

Some architectural draftsmen use, when vanishing points fall off the 
paper, an instrument called a '' perspective linead " or *' centrolinead." 
This is essentially a straight-edge to which are attached two adjustable 
arms. A detailed description may be found in any instrument maker's 
catalogue. 

(ii) The vanishing point far vertical lines is at an infinite 
distance above and below; in other words, these lines do 
not converge. 

(Hi) To find the vanishing point for any group of parallel 
lines in space. Pass a line through the station point parallel 
to these lines; its vertical trace will be the vanishing point 
for all the lines of the group. This can perhaps be most 
readily comprehended by a reference to PL 17, Fig. 2. To 
find the vanishing point for lines parallel to ED and FC, pass 
a line through S parallel to these lines, that is, draw through 
5* a line parallel to e*d* and through s* a line to e^cT. If this 
is done it will be found, that ED and FC if produced will 
pass through the vertical trace of this line, which falls ofif the 
drawing. Each set of parallel lines in space has, therefore, its 
own vanishing point on the drawing. 

91. To Make flie Perspective Drawing of the House by the Mod- 
ified Method of PI. 18, Fig. 2. 

(a) Assiune the location of the station point, 5, about opposite 
the center of the house (as of any object to be drawn), and far 
enough in front so that the entire structure does not subtend, at 



the eye, an angle greater than about 20®. The house under dis- 
cussion actually subtends some 30® and the perspective is therefore 
somewhat distorted or " steep." The point of sight P (and there- 
fore also 5) should be chosen at an elevation that will give the 
desired eflfect. In the figiure the eye is conceived to be slightly 
above the window-sills, — a reasonable assumption. 

(b) Draw the plan (horizontal projection or top view) with the 
front vertical edge in the picture plane. The angle of inclination 
with the picture plane may be assumed at will. Draw the horizon. 
Draw SV^ and SVj^ parallel to the sides of the building. Draw 
AAi vertical, and lay off its true length to scale, after having 
placed A I below the horizon a distance equal to the assumed 
elevation of the point of sight above the base of the house. 

(c) To find B and Bi draw 5— J*6i*, and where it crosses Fi^Fjb 
erect a perpendicular. Lines from A and A 1 toward Vr will intersect 
this perpendicular at B and -Bi, respectively. Proceed similarly to 
find DDiy using Vl instead of Vr, and find CCi. To find £, remem- 
ber that vertical measurements can be made only on -4^4 1 which is 
in the picture plane and therefore is not foreshortened. Produce 
AAi upward as far as £ is actually above the plane of ABCDy and 
draw from the point thus obtained to Vl. Erect a perpendicular 
from the point where e^S crosses V^Vr and establish E. Fix F 
similarly. 

(d) To draw the windows, doors, and other details, make in 
every case, as before, the necessary vertical measurements along 
AAi and the necessary horizontal measurements on the plan. 
Thus, to fix GGi, establish points at the proper elevation on -4-4 1, 
and connect each with Vr, Draw S—^gi^, and where it crosses 
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VxYr erect a perpendicular, fiiring G and d. Measurements cannot 
be made along A\B\ nor along AiDi. Neither will distances which 
are actually equal appear equal along these lines; the windows, for 
example, appear to decrease in width toward the right, while they 
actually are of the same size; the door, also, which actually is 
midway between AAi and DDi, appears to be nearer the latter. 
While measurements cannot be made directly along any of the ver- 
tical edges except AAiy nevertheless the foreshortening is uniform 
throughout the length of any one of these vertical edges, so that 
a point actually half-way up on a vertical edge, for example, 
will appear half-way up on the perspective drawing of the 
edge. 

92. A circle or any other plane figure is readily drawn in per- 
spective by inscribing it in a square or rectangle and plotting the 
square or rectangle in much the same manner as in isometric draw- 
ings. See PL 7, Figs. 2 and 3; PL 8, Fig. 8. 



93. Special Positions. If the house is rotated until its sides are 
inclined at 4S^ with the picture plane ^ V^ and Vr will, of course, be 
equaUy distant from P. Also PVl=PVr^PS. This position is 
sometimes called 45^ perspective. If the house is rotated until one 
side lies in the picture plane, one vanishing point will fall at P, and 
the other at an infinite distance to the right or left. This is called 
parallel (or one-point) perspective; it is illustrated on PL 8, Fig. 9. 
The principles of construction do not differ materially from those 
of the case which has been discussed, and the process of drawing is 
somewhat simpler, since there is no distortion in surfaces parallel to 
the picture plane. 

94. The relation of perspective to orthographic projection is readily compre- 
hended from PI. 18, Fig. 2. If S is moved indefinitely toward the front 

(away from the picture plane), the lines J*J|*— 5, b^bi^—S, etc., will contin- 
ually approach the per[)endicular. When 5 is at an infinite distance in front 
of the picture plane the perspective view becomes a vertical orthographic pro- 
jection; Vl and Vr then fall at infinite distances away, horizontally. 



PROBLEMS 

Each problem is designed for a space 5 inches high and 7 inches long: wherever possible it should be centered In tbia space. There will fbxa be four 
problems within a lo-mch by x4-inch border rectangle: the dividing lines of this rectangle should be light solid lines (No. 9 on PI. la). Unless another line 
is distinctly specified, line No. 2 (PI. la) is to be used for the problems. 

No attempt has been made to arrange the problems within each group In tiie order of tiielr difficulty. 



STRAIGHT LINES (Use of T-square and Trianj^es). 

ooz. In the center of the space draw a rectangle z" ^ 4i'^ i<^ ^ Umger 
sides horizontal. Draw a vertical line across the rectangle li" from each end. 
Fill the space between these lines with horizontal lines i" apart, alternately 
No. 5 and No. 3. Fill the space at each end with light vertical solid lines, 

(No. 9), i" apart. 

00a. Same rectangle as 001. Inside of it draw another rectangle y smaller 
on each side. Inside the second draw a third, again i'' smaller on each side. 
Continue until there are six in all. Use the following lines, beginning at the 
outside: No. i, 2, 3, 4, $, 9. 

003. Same rectangle as 001. Divide it into f " squares, using vertical No. 3 
lines and horizontal No. 5 lines. 

004. Same rectangle as 001. Di ide it into 16 equal (1" by i J") rectangles. 
In the upper left-hand one draw 5 vertical lines 1^" apart. In the next one 
at the right and the next one below, draw 3 horizontal lines A" apart. Con- 
tinue filling alternate rectangles with vertical and horizontal lines until all are 
fiUed. 

005. Same rectangle as ooi. Divide it, in pencil, into y squares. Using 
these horizontal and vertical lines in pairs, erase portions, to produce the effect 
of flat woven strips }" wide, over the entire rectangle. 

006. Divide a rectangle 3!" by 4J" by light penciled lines mto J" squares. 
Use portions of these lines to form three rows of i" squares, 12 in all, sym- 
metrically placed. Use No. 2 lines for the squares and the outer rectangle. 

007. Same rectangle as 006, divided in pencil in the same way. Use por- 
tions of the penciled lines to form a series of indentations i" square around the 
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entire perimeter, one indentation at each comer. Inside this draw a rectangle 
i|" by 2J"; inside it one }" by ij". Erase the original rectan^^e. 

008. Same rectangle as 006, divided in pencil in the same way. Beginning 
at the upper left-hand comer, draw toward the right i", from this point down- 
ward i", then again toward the right V'> etc., forming a series of steps. Spin- 
ning at a point i" to the right of the comer construct a similar broken line, and 
from a point i" below the comer a third. Proceed in this way until the entire 
rectangle is filled. Erase the original rectangle. 

009. Same rectangle as 001 ; divide it into 16 equal rectangles and draw 
both diagonals of all of the rectangles. 

009(a). Same as 009, but use 36 small rectangles (6 rows of 6 each). 

0x0. Same rectangle as 001. Draw another rectangle Y' inside of it. 
Draw a }" square at the center. Draw 24 lines radiating from the center, at 
intervals of 15^. Do not draw them across the square, nor across the space 
between the two rectangles. Use light solid lines (No. 9), for the radiating 
lines. 

on. Divide the same rectangle as in 001 by a vertical center line. Fill the 
left-hand half with two sets of 45°, No. 3, lines at right angles to each other and 
i" apart in each direction. Fill the right-hand half similarly with No. 2 
lines, at 45^ 

012. Same rectangle as 001. Fill it with two sets of No. 5 lines at 45® with 
the horizontal, and i" apart in each direction. 

oia(a). Same as 012, but use light solid lines (No. 9). 

0x3. Same rectangle as 001. Draw a horizontal line across it, 1" from the 
lower side, and divide it into }" lengths. From each point of division at the 
left of the middle point of this line draw a 75° line upward and to the right, 
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and a 15° line downward and to the right. From the points at the right of the 
middle point draw 75" lines upward to the left and 15° lines downward to the 
left. 

014. Draw a horizontal line f" from the lower side of the space. Lay off 
point Ay if" from the left-hand side of the space, also B, 5" to the right of A, 
and C, i" vertically above B\ connect A and C. On line AC^ with one comer 
at Ay draw a 3" by 4 J" rectangle and fill it with two sets of No. 2 lines at right 
angles to each other, and \" apart, one set making 75° and the other 15** with 
the longer sides of the inner rectangle. 

015. Same rectangle as 001. Draw a vertical line }" from each end, divide 
each into 8 equal parts and number the points from o to 8. Number dawn on 
the ^//-hand line and up on the rigAZ-hand line. Mark a point Ay the middle 
point of the left-hand side, and By the middle point of the right-hand side of 
the rectangle. Draw the broken lines AooB^ AiiB, AiiBy etc., until all the 
points have been used. 

0x6. Same rectangle as 001. Divide one end into 6 equal parts, and num- 
ber from o to 6, from the top down. Draw a 30^ line down through o and up 
through 3 until they meet, inside the rectangle; similarly with the pairs of points 
I and 4, 2 and 5, 3 and 6. Draw a vertical line through the apices of the four 
triangles formed. Do the same at the other end of the large rectangle. Con- 
nect the apices at opposite ends by horizontal lines (4 in number). 

017. Same rectangle as 001. Divide it into 4 equal rectangles, and fill 
each with parallel lines \" apart. The lines in the upper left-hand rectangle 
slant downward toward the right at 45®; those in the upper right-hand rect- 
angle slant downward toward the left at 30^ with the horizontal; those in the 
lower left-hand rectangle slant upward toward the right at 45° and those in the 
lower right-hand rectangle upward toward the left at 60° with the horizontal. 
One line in each rectangle passes through a corner of the original rectangle. 
017(a). Same as 17, except fill one rectangle with lines representing 
cast iron in section; one to represent wrought iron; one to represent 
cast steel; one to represent copper. See PI. 14. 

017(b). Same as 17(a), except use the conventions for babbitt, 
aluminum, insulation and water. 



0x8. Same rectangle as 001. Divide the ends into 8 equal parts, using a 
scale, and number from o to 8 at one end and from 9 to 16 at the other. Con- 
nect o with each of the points 9 to 16; 8 with each of 9 to 16; 9 with each of 
o to 8; 16 with each of o to 8. Use light solid lines (No. 9) except for the 
rectangle. 

0x9. From a point i}'' from the left-hand side of the space and }" from the 
upper side, draw a vertical line 3J" long and a 30° line 5" long. From the 
lower end of the latter draw a vertical line 2J" long. Using the 30° line as a 
construction line for each, divide the 3i" line into 10 equal parts and the 2J" 
line into 5 equal parts, geometrically. 

020. Draw a horizontal line ^\" long, ij" above the center of the space. 
Without dividers or compasses divide it into 12 equal parts. Below the center 
divide a similar line into 13 equal parts. 

oax. Draw a rhombus with its nrinor axis vertical and 3}'' long, and with, 
its sides inclined at 30° to the horizontal. Mark points \" apart on the ver- 
tical axis, and through them draw lines parallel to the sides of the rhombus. 
Use, in the upper left-hand quarter, No. 3 lines; in the lower right-hand, No. 5; 
in the remaining two quarters. No. 2. 

022. Using the T-square, triangles and scale only, draw at the center 
of the si>ace a regular hexagon, sides \" long, two of them horizontal. 
Around it draw six other hexagons of the same size as the first, each one 
having for one side a side of the central hexagon. Place a large hexagon 
around the whole, with each side coinciding with one side of each of the 6 
small hexagons. 

023. Using the triangles, scale and T-square only, draw 6 concentric regular 
hexagons, sides respectively, |", i", f", li", if", 2}" long, two sides hori- 
zontal. The longer diagonal of a regular hexagon equals twice the length of 
a side. 

024. Draw a regular hexagon if" on a side. Bisect each side, thus fixing 
12 points on the perimeter. Connect each point with every other. Use No. 9 
lines. 

024(a). Same as 024, except that the short diameter ("width across 
flats '') of the hexagon is 4". 



PROBLEMS— CIRCULAR CURVES 



59 



025. Using triangles, T-square and scale only, draw 5 concentric 
regular octagons, whose sides are the same as those of the first five 
hexagons in 023. (The method of construction will be explained by the 
Instructor.) 

026. Draw a rhombus whose short axis is vertical, and 3)" long, and whose 
long axis is \\* long. Through its center draw lines parallel to the sides, 
dividing it into four smaller equal rhombuses. Fill the upper one with 
No. 3 lines, and the lower one with No. 5 lines, sloping upward toward 
the right and parallel to the sides. Fill the left-hand space with No. 4 lines 
and the right-hand with No. 7 lines, sloping upward toward the left, and par- 
allel to the sides of the large rhombus. Make all the section lines \" apart, by 
estimation. Erase the axes. 

027. Using the T-square, triangles and scale only, draw at the center of 
the space a regular hexagon with sides 2" long. Connect each vertex with 
every other. Six small triangles, each having a side of the original hexagon 
as a base, are formed. Fill each with section lines, tV apart, by estimation, 
and parallel to the base of the triangle. Use No. 9 lines for the section lines, 
No. 2 lines for the rest of the figure. 

028. Same rectangle as coi. From each comer draw a 45^ line across 
it. Fin the triangles formed at the left-hand side and top with 45^ lines 
slanting upward toward the right, the triangles at the right-hand side 
and bottom with 45^ lines slanting upward toward the left, and the 
center with vertical lines. Use No. 2 lines spaced |" apart (by estimation 
only) throughout. 

028(a). Same as 028, but use 30^ lines throughout, and fill the upper 
and the lower triangle with lines slanting upward toward the right, 
and the right-hand and the left-hand triangle with lines slanting upward 
toward the left. 

029. Draw 3 concentric equilateral triangles, whose sides are parallel and 
4", 2 J" and i" long, respectively. 

029(a). Same as 029, but draw 8 triangles, decreasing the sides 
\" each time. 



CIRCULAR CURVES (Use of Compasses). 

Use No. 5 lines for construction lines. (See PL 2 and PI. 12.) 

100. Draw 6 concentric circles, the largest 3}^ in diameter. Decrease the 
radius \' each time. Beginning at the outside use lines as follows: No. i, 2, 9, 

3» 4, S. 

zoi. Draw a horizontal line extending i}'' each side of the center of the 

space. On this line as a diameter draw concentric semicircles using the fol- 
lowing radii and lines: Below the line, if". No. 2; ij", No 3; ij", j" and i", 
No. 2; \'\ No. 6; above the line, li", i" and J", No. 2; li", No. 5; j", No. 4. 

102. At the center of the space draw a 3)" ^'Ud a \* circle, and their hori- 
zontal and vertical diameters. In the upper left-hand and the lower right- 
hand quadrants draw concentric arcs, with radii i}", i", and }"; in the other 
two quadrants draw arcs with radii if" and f". 

103. At the center of the space draw a 3}" circle, and its horizontal and 
vertical diameters. Starting with the upper right-hand quadrant, and pro- 
ceeding in a clockwise direction, draw in each quadrant quarter-circles concen- 
tric with the large circle, beginning with a if "radius and decreasing the radius 
f" with each quarter-circle drawn, ending with a complete circle of J" radius. 

104. At the center of the space draw concentric circles of 3f ", 2^", and 
if" diameter, respectively, and their vertical and horizontal diameters. With 
their centers on these diameters, describe four circles, each tangent to the out- 
side of the if" circle and to the inside of the 2^" circle. Inside these describe 
also four smaller circles tangent to the outside of the 2ff " circle and to tlie inside 
of the 3f " circle. 

Z05. At the center of the space draw a 3" circle and its vertical and hori- 
zontal diameters. On each half-diameter, as a diameter, describe a circle, 
tangent to the inside of the 3" circle and passing also through its center. De- 
scribe four smaller circles, each tangent to the 3" circle at the end of a diameter 
and also tangent to two of the second circles drawn. 

zo6. At the center of the space draw 5 concentric cif'les, diameters 3f", 
2f", af", f" and }", respectively. Draw four No. 9 lines through the center. 
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one horizontal, one vertical, and two at 45^ Draw a line ^" each side of each 
of these four lines, extending from the f " to the 2%" circle, giving the appear- 
ance of a wheel with spokes. 

X07. At the center of the space draw a 4" circle. Inscribe in it an equi- 
lateral triangle. Place in the triangle three small equal circles, each tangent 
to two sides of the triangle and to two of the other circles. 

108. At the center of the space draw a zV circle. Place in it seven equal 
circles, each tangent to the large circle and to at least three of the others; 
one of these concentric with the large one. Use a No. 4 line for the circle of 
centers of the small circles. 

zog. At the center of the space draw a 3}" circle. Use the triangle and 
T-square to divide its circiunference into 12 equal parts. Bisect one of these 
arcs, and using the middle point as a center, and a radius to the nearest point 
describe an arc outside the circle, with its ends at two of the division points. 
Using the same radius, proceed around the circle, alternating with an arc inside 
and one outside the circle, so as to make a continuous curve. Finally draw a 
circle tangent to all of the outside arcs, and another tangent to all of the inside' 
arcs. Use a No. 4 line for the line of centers. 

no. Divide a straight horizontal line 3" long into 12 equal parts. With 
each point of division in turn as a center, draw a semicircle whose radius is 
the distance from the point to the nearest extremity of the line. Each semi- 
circle is tangent to the inside of the outer drcle and to another semicircle. 
The semicircle whose centers lie to the right of the middle point are drawn 
above the horizontal line, those to the left, below. 

zio(a). Same as no, but draw full circles instead of semicircles. 

ziz. Draw a 2" circle at the center of the space, and, using the triangles 
and T-square only, divide its circumference into 12 equal parts. With each 
point of division in turn as a center, and a i'' radius, describe an arc, beginning 
at the center of the circle and drawing the arc clockwise. Move around the 
circle of centers in a counterclockwise direction, and extend each arc only 
imtil it touches the preceding one. 

iia. Draw two pairs of horizontal lines, 5" long, and \" apart. Place the 
upper line of one pair i}" from the upper side of the space, the lower line 



of the other pair i J" from the lower side of the space. Join them by parallel 
reverse curves extending from the left-hand end of the upper lines to the right- 
hand end of the lower lines. See PL 2, Fig. 7. 

1x3. Copy the design of PI. 19, Fig. i. Large circle 3}" diameter, small one 
I A" diameter. 

Z14. Copy the design of PI. 19, Fig. 2. Bands \" wide; design could be 
inscribed in a 3)" square. 

115. Copy the design of PI. 19, Fig. 3. Bands J" wide, rectangle i\" by 3". 

1x6. Copy the design of PI. 19, Fig. 4. Bands \" wide, rectangle if" by 

3*". 

1x7. Copy the design of PI. 19, Fig. 5. Rectangle ij" by 3". 

xx8. Copy the design of PL 19, Fig. 6. Bands i" wide, small circles 1" 
diameter. 

XX9. Copy the design of PL 19, Fig. 7. Bands \" wide; diameter of outer 
circle 3!". 

X20. Copy the design of PL 19, Fig. 8. Bands J" wide; diameter of outer 
drde 3}". The third circle from the outside is the circle of all centers and is 
2}" in diameter. 

X3X. Copy the design of PL 19, Fig. 9. Bands J" wide; square z\" on a 
side; largest circle 2I" diameter; smallest circle \" in diameter. 

xaa. Copy the design of PL 19, Fig. 10. Bands J" wide; square 2\" on a 
side; outer comer circles f" in diameter; center circle i" in diameter. 

133. Copy the design of PL 19, Fig. 11. Bands J" and i" wide; equilateral 
triangle 3" on a side; three-quarter circles at the inner side of the J" bands. ' 

X24. Copy the design of PL 19, Fig. 12. Square 2" on a side; over-all 
width across points 4"; the four large inner arcs have their centers at the foiu: 
outside points. 

X35. At the center of the space draw a 3^" circle, and its horizontal and ver- 
tical diameters. Using the same radius as for the outer circle, and with each 
end of each diameter in turn as a center describe intersecting semicircular arcs. 
Join the four comer points of intersection to form 9, 3^" square. Fill the four 
leaf-shaped spaces between the arcs with 45^ section lines lAr'' apart (by esti- 
mation). 
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xa6. Transform a si" square into a regiilar octagon as follows. With 
each comer in turn as a center, describe an arc passing through the center of 
the square (radius ») diagonal). Join the points where these arcs cut the sides 
of the square. Erase the square. 

137. On a horizontal line i}'' below the center of the space, construct a 
3" square, using the compass for the right angles. 

128. Erect a perpendicular at one end of a horizontal line 5" long, placed 
1" below the center of the space. Use the compasses. 

129. Point A is i}'' below the upper side and 2" from the left-hand side of 
the space. Point J5 is i" below the upper side and 2" from the right-hand 
side. Point C is i|" from the right-hand side and if" from the lower side. 
Pass a circular arc through these three points. 

130. Point A is li" from the upper side and il" from the left-hand side 
of the space. Point B is t|" from the right-hand side and i}" from the lower 
side. Draw an angle ABC of about 30^, at B; construct at A an angle BAD 
exactly equal to ABC. Prove. 

131. Point A is {" from the upper side and 2}" from the left-hand side 
of the space. Point B is i}" from the lower side and i|" from the left-hand 
side. Point C is on a horizontal line through B and 3}" from B, Circum- 
scribe a circle about, and inscribe a circle in, the triangle ABC. 

132. Draw a horizontal line and a vertical line through the center of the 
space. Lay off a point i^'' each side of the center and another the same dis- 
tance directly below the center. Draw a horizontal line through the lowest 
{Mint, and a 75° line through each of the others, inclined to meet below the 
center (if produced). Construct a circular arc tangent to all three lines. 

i33» Draw a 2" circle with its center ij" from the upper side and 2" from 
the left-hand side of the space, and a i}'' circle with its center 2" from both the 
upper and right-hand sides. Construct a circle tangent to both circles. 

134. Describe a 3" circle with its center on the horizontal center line of the 
space, and 2^" from the left-hand side. Draw two tangents to this circle 
from a point on the center line, i" from the right-hand side of the space. 

135. On the horizontal center line of the space describe a 3" circle, with 
its center 2" from the left-hand side of the si)ace, and a i" circle with its center 



i\" from the right-hand side of the space. Draw two conmion tangents to the 
circles. 

136. Draw two lines, each 6" long, spaced equally above and below the 
horizontal center line of the space, i}" apart at one end and 2Y' apart at the 
other. Construct three circles between the lines; the first is tangent to both 
lines and to the second circle; the second is tangent to both lines and to both 
other circles; the third is tangent to both lines and to the second circle; the 
diameter of the first is ii|\^". 

137. At the center of the space describe a 3" circle, and divide its circum- 
ference, with the triangles, into 1 2 equal parts. Number the points from i to 1 2. 
Connect i, 5, 9, i, to form an equilateral triangle. Proceed in like manner 
beginning with points 2, 3, 4, 2. Four triangles are formed. Draw a circle 
inside and tangent to the sides of the triangles at their middle points. Use 
No. 9 lines for the triangles. 

138. Inscribe a regular pentagon in a 4" circle. (The Instructor will explain 
the method.) Draw the vertical diameter of the circle, and on it lay off four 
successive distances of f" each, measured downward from the top. Make 
each of these points the upper vertex of a pentagon with sides parallel to those 
of the original pentagon. 

X39. Draw at the center of the space two concentric circles of 3 J" and ij" 
diameter, respectively. Divide the smaller one into 24 equal parts by lines 
drawn with the triangles. At each of the points of division on its circum- 
ference draw a tangent terminating at two points on the circumference of the 
larger circle. Use No. 9 lines for the tangents. 

139(A). Same as 139 but divide the smaller circle into 12 parts only 
(or into 16 parts, as may be directed). 
X40. Draw three concentric rectangles centrally located in the space; the 
largest 3" by 4!", the next 2" by 3J", the third i" by 2i". Round the comers 
of all three, using a }" radius. 

140(a). Same as 140, except that the comer curves are concentric 
and the shortest radius is i". 

141. Using the triangles and scale only, draw an equilateral triangle whose 
altitude b 3", with its base horizontal and 1" below the center of the space. 
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Inscribe a circle in it, and inscribe in the circle another equilateral triangle 
with its sides parallel to those of the first. Fill the space above the circle and 
in the large triangle, and the segment of the circle below the small triangle, 
with vertical section lines (No. 9) ; fill the segment at the left and the space at 
the right with 30^ section lines sloping downward toward the right; fill the 
remaining segment and space with similar lines sloping downward toward the 
left. Make all the section lines |" apart (by estimation only). 

142. Draw a rectangle 3" by 4}". Draw its vertical and its horizontal axis 
of symmetry, using No. 4 lines. Fill the right-hand half with concentric 
circular arcs }" apart, whose center is 9" to the right of the center of the 
space; use No. 2 lines. Make the left-hand half exactly symmetrical, with 
No. 3 lines. 

142(a). Same as 142, except that the centers are g" above and 
below instead of at the right and the left, and the arcs are only }" apart. 

143. Draw 4 concentric circles, of 4", 3", if", and |" diameter re^)ectively; 
use No. 2 lines for the largest and the smallest, and No. 4 lines for the others. 
Draw 8 small circles, }" in diameter, with their centers uniformly spaced around 
the circimiference of the 3" circle; draw also 4 small circles, J" in diameter, 
with their centers on the circumference of the i}" circle. 

144. Draw a rectangle 3" by 4!". Divide it by horizontal and vertical 
lines into 24 equal rectangles (4 rows of 6 each) ; use No. 4 lines. At each of 
the 15 inside comers draw a circle ^" in diameter. 

145. Draw a penciled rectangle 3" by 4J". With the lower left-hand comer 
as a center draw 10 arcs, radii J", i", i J", etc.; with the upper left-hand comer 
as a center draw 10 more, radii same as above. Use No. 2 and No. 3 lines 
alternately for the arcs. Erase the rectangle. 

146. Draw an oval or egg-shaped curve as follows. Draw two circles tan- 
gent extemally, with their centers in the same vertical line; the diameter of 
the upper one is 2 J", that of the lower one i}". Draw an arc tangent to both 
circles, with its center to the left and horizontally opposite the center of the 
upper circle; similarly on the other side; the radius of these arcs is 3}". Use 
No. 5 lines for the constmction lines and for the inner portions of the circles, 
and No. 4 line for the vertical axis. 



NON-CIRCULAR CURVES (Use of Curved Ruler). 

In the following problems use No. 2 lines for the canres. No. 5 lines for the con- 
struction lines and No. 4 lines for the axes. Omit all letters and small circles such as 
mark the points on PI. 3. 

300. Constmct an ellipse, major axis 4!" long, minor axis 2}" long. 

200(a). Same as 200, except that the axes are 5" and sV l^^S 
respectively. 

300(b). Same as 200, except that the axes are 5}" and 2" long 
respectively. , 

30Z. Draw a horizontal line 5" bng, i" above the center of the space. At 
its middle point draw a vertical line 2'* long downward. Pass an arc of a para- 
bola through the ends of these lines. 

301(a). Same as 201, but place the 5" line 2'' above the center, and 
the bwest point 2" below the center, i.e., 4" below the 5" line. 
303. Draw the horizontal center line of the space. Mark a point i" from 
each end of it. Through the point at the right-hand end draw a vertical line, 
and extend it i}" upward and li" downward. Pass an arc of a parabola 
through the ends of this vertical line and the point at the other end of the hori- 
zontal line. 

303. Draw a 3" by 5" rectangle, centrally placed, with its long sides hori- 
, zontal. Pass a parabolic arc through the lower comers of the rectangle and 

the middle point of its upper side. Draw three more arcs of parabolas, parallel 
to the one constmcted, intersecting the vertical center line of the rectangle at 
points }", i}", and 2 J" below its upper end. 

304. Assume an origin of coordinates at the center of the space, and hori- 
zontal and vertical asymptotes. Draw both branches of a rectangular hyper- 
bola, one branch of which passes through the point whose abscissa is J" and 
whose ordinate is i". 

304(a). Same as 204, except that both the abscissa and ordinate 
are f. 

304(b). Same as 204, except measure up the vertical asymptote 
i}" from the origin, then horizontally i", and through this point pass 
one branch of a rectangular hyperbola. Draw the other branch. 
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ao4(c). Same as 204 except measure horizontaDy i" and vertically 
ly, from the origin. 

305. Beginning at the center of the sp^e and moving in a dockwise direc- 
tion, construct an Archimedes spiral, increasing the radius vector ^" with 
each 15^. Make i} circuits; plot 36 points; the last radius vector is 2^" long. 
Measure the angles from the horizontal center line. 

305(a). Same as 205, but increase ^" with each 15**, move counter- 
clockwise, and place the origin i" to the right of the center of the space. 

306. Draw a horizontal base line }'' from the lower side of the space. Begin 
li'' from the left-hand side of the space and construct on this line a cycloid; 
use a i}" circle and 13 divisions. 

307. On a horizontal base line i}" above the lower side of the space, describe 
a 2^" circle, tangent to the base line at a point 2" from the left-hand side of the 
space. Construct the involute of the right-ha nd half of the circle. 

308. At the center of the space draw a }" equilateral triangle with its lower 
side horizontal. Draw the involute of this triangle; use the upper vertex as 
the first center, and 5 arcs (1} circuits of the triangle). Describe the arcs 
clockwise. 

308(a). Same as 208, except use a i" square, four arcs, a coimter- 
dockwise direction and the upper left-hand comer for the first center. 

308(b)* Same as 208, except use a i" square, 9 arcs, and a counter- 
dockwise direction. Use the upper left-hand comer of the square for 
the first center. 

309. Draw the involute of a regular hexagon placed at the center of the 
space; its sides are i" long and two are horizontal. Use the left-hand vertex 
of the hexagon for the first center, move in a dockwise direction, and use seven 
arcs. 

3X0. Along the horizontal center line of the space, beginning at a point 
lY' from the left-hand side, constmct a sine curve, amplitude 1" and 
period 4}". 

310(a). Same as 210, except begin 2" from the left-hand side, am- 
plitude lY' and period 4", 

axo(b). Same as 210, except amplitude 2'' and period 4". 



azz. On the horizontal center line of the space, beginning at a point 3^' 
from the left-hand side, draw a helix of 3" diameter and 3" pitch. 

3zz(a). Same as 21 1, except use 3" diameter and 4}" pitch. Arrange 
horizontally to fit space. 

3zx(b). Same as 211, except use 3J" diameter and 6" pitch, and draw 
only half a revolution. Arrange horizontally to fit space. 



ORTHOGRAPHIC PROJECTION (Cards). 

The intersection of the planes of projection (H and V) may be drawn through the 
center of the 5" by f space, for all three positions of the card. For conventional lines 
see PL 12; lines No. 2 and No. 6 may be used for the outline of a card, and line 
No. 5 for paths of motion. Letter or number each point, in pencil. See PI. 5. 

300. Draw the H and V projections of a card i^' square in each of the 
following positions; when it is horizontal and i" bdow H, with its nearest 
edge }" from V; after it has been revolved from the above position about its 
left-band edge until the surface makes 45^ with H; after the revolution has 
been continued until the card is vertical. 

300(a). Same as 300, except that the card is a regular hexagon I" 
on a side, one vertex J" from V. 

300(b). Same as 300, except that the card is a i^' equilateral tri- 
angle. 

300(c). Same as 300, except that the card is a right triangle (the 
left-hand front half of the li" square of 300). 

300(d). Same as 300, except that the card is a drde i}'' in diam- 
eter and that it is revolved about a horizontal tangent through its ex- 
treme left-hand point. 

300(e). Same as 300, except that the sides of the square make 

45^ with V and that the revolution is about an axis perpendicular to V 

through its left-hand comer. 

301. Draw the H and V projections of a horizontal card i}" square ij'' 

bdow H; when its sides are parallel and perpendicidar to V, and its center 
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is i}^' from V; after it has been rotated about a vertical axis through its center 
until its edges make 45® with V; until they make 30** and 60** with V. 

3ox(a). Same as 301, except that the card is a regular hexagon i" 
on a side. Revolve it until the two edges originally parallel to V make 
45^ with V; until the same two edges make 90^ with V. 

30x(b). Same as 301, except that the card is an equilateral triangle 
x}'' on a side. Revolve it until a side originally parallel to V makes 
/.$** and finally 90® with V. 

3oz(c). Same as 301 , except that the diagonals of the square are 
originally parallel and perpendicular to V, and that the card b revolved 
through 30^ and 60^ from its original position. 

301(d). Same as 301, except that the card is a hollow square, 
diameter outside i|'', inside 1". 
30a. Draw the H and V projections of a card, i V square, whose center is 
i}" behind V and i}" below H, in each of the following positions; when it is 
parallel to V^ after it has been rotated, from the above position, about a ver- 
tical axis through its center, until its surface makes 45^ with V; until it makes 
60*^ with V. 

303(a). Same as 303, except that the card is a circle of i}" diameter. 
3oa(b). Same as 303, except that the card is a regular hexagon, 
sides i". 

3oa(c). Same as 303, except that a piece i'' square has been cut 
from its center, leaving a i" margin. 

3oa(d). Same as 303, except that the card is a right triangle, sides 
i", i", and i}", respectively. 

3oa(e). Same as 303, except that the diagonals of the square are 
vertical and horizontal. 

303(f). Same as 303, except that the card is simply a circular ring, 

inside diameter }", outside i}". 

303. Draw the H, V and P projections of a card ij" square, and parallel 

to V. Its upper edge is }" below H and if" behind V. Rotate it about its 

upper edge until its surface makes either 30®, 45**, or 60® with V (as may be 

directed), and show its three projections in the revolved position. 
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303(a). Same as 303, except that the card is a hexagon }" on a side* 

303(b). Same as 303, except that the card is a semicircle of i) 
diameter, with the diameter uppermost. 

303(c). Same as 303, except that the card is an equilateral triangle 
X V on a side, with one side uppermost. 

303(d). Same as 303, except that the card is a hollow square, inside 
diameter J", outside i J". 

303(e). Same as 303, except that the card is a capital letter T, 
originally standing upright. Its total height and total width are each 
lY' and both branches are \" wide. 

304. Draw the H and V projections of a card i}" square, in each of the 
following positions: 

First. When it is in a plane parallel to and i)" behind V, with its upper 
edge parallel to and i" below H. 

Second. After it has been revolved, from its first position, about its right- 
hand edge, until its surface makes 45^ with V. 

Tkird. After it has been revolved, from its second position, about an axis 
perpendicular to V through its lower right-hand comer, coimterdockwise 
through 30^. 

304(a). Same as 304, except that the card is a regular hexagon i" 
on a side. 

304(b). Same as 304, except that the card is a hollow square, out- 
side diameter i)", inside f". 

305. Draw the H and V projections of a card i}" square, in each of the 
following positions: 

First. When it is in a horizontal plane li" below H, with its center i^' 
behind V, and two sides perpendicular to V. 

Second. After it has been revolved from its first position, about an axis 
through its right-hand edge, until its surface makes 30^ with H. 

Tkird. After it has been revolved 60^ clockwise from its second position, 
about a vertical axis through its rear left-hand comer. 

305(a). Same as 305, except that the card is a regular hexagon 
I" on a side. 
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305(b). Same as 305, except that the card is a regular octagon 
f " on a side. 

ORTHOGRAPHIC PROJECTION (Simple Geometric Solids, PftroUel or 
Oblique to the Planes of Projection, from Description) 

Draw orihograpkic projections (H and V only, unless otherwise noted) of the fol- 
lowing. See PL 12 for visible outline, invisible outline, etc. Use line No. 9 for the 
intersection of the planes of projection. Use either the arrangement of (I) or that 
of (II), PL 4, as the Instructor directs. See PL 5. 

400*. A right prism ij" square and 2" long. The square ends are hori- 
zontal, the upper one i" from H. Two side faces are paraUd to V, the nearer 
one J" from V. 

400(a).* Same prism as in 400. One square end is parallel to 
and y from V; two side faces are horizontal, the nearer one i" 
from H. 

400(b).* Same prism as in 400. One square end is horizontal and 
V from H, but the side faces make 30** and 60** with V. The nearest 
vertical edge is i" from V. 
40Z.* A block 2}" square and i}" high. The uiq)er face is parallel to and 
J" from H, while two side faces are parallel to V, the nearer one i" from V. 
Through the center of the block is a vertical hole i" square, with its sides par- 
allel to the sides of the block. 

402.* A block i" by ij" by 2". The upper i" by i§" face is §" from H. 
The i}" by 2" faces are parallel td V, the nearer one §" from V. 

4oa(a).* The solid of 402, in the same position, except that the li" 

by 2" faces make 30** with V, and the nearest vertical edge is i" from V. 

403.* A right cyUnder i}'' in diameter and 2" long, with its axis 

perpendicular to V and i" from H, the nearer end }" from V. A hole §" 

square extends along the axis from end to end; two sides of the hole are par- 

aUel to H. 

403(a).* Same as 403, but read V for H and H for V. 



404.* A right prism. Its ends are if' equilaicral triangles and its lateral 
edges are 2}" long. The triangular ends are parallel to V and the nearer 
one is i" from V. The lower side of the prism is horizontal and i}" 
fromH. 

404(a).* Same as 404, but the lower side of the prism is inclined 

at 15^ to H; the axis is still horizontal, and the ends are still 

vertical. 

405.* An equilateral triangular prism. The sides of the triangles are 

i}'' and the prism is 2^" long. One side face is horizontal and lY' bdow H. 

The lateral edges make 30^ with V. 

406.* A block i" by i}" by 2". The li" by 2" faces arc paraUel to V. 
The 2" edges all make 60'' with H. 

406(a).* Same block as in 406, but the li" by 2" faces are hori- 
zontal and the 2" edges are inclined at 60^ to V. 
407.* A right hexagonal pyramid whose axis is horizontal. The sides of 
the base are i"; the axis is 2^ ' long. The base is parallel to and f " from V 
Two sides of the base are horizontal. 

407(a).* Same as 407, but turn the pyramid about its own axis until 
no side of the base is either horizontal or vertical. 

407(b). * Same as 407, except base is horizontal, and no side of the 
base is either parallel or perpendicular to V. 

407(c).* Same as 407, except base is horizontal, and two sides of 
the base are parallel to V. 

407(d).* The pyramid of 407. The axis of the P3rramid is still hor- 
izontal but makes 30^ with V, — ^i.e., the plane of the base is still per- 
pendicular to H (vertical) but makes 60^ with V. 

407(e).* Same as 407(d) except read 45^ for 30^ and for 6o^ 
408. A rectangular block i" by i}" by 2}''. The 1" by 2i" face is parallel 
to H, while the lateral edges (and therefore two side faces) make 45^ 
withV. 

409.* A right pyramid whose base is i^^' square and whose axis is 3" long. 



* Draw 3 projections, H, V and P. 



* Draw 3 projections, H, V and P. 
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Two sides of the base are paraUel to H and two are parallel to V. The axis of 
the pyramid is parallel to H and makes 30° with V. The pyramid points 
away from V. 

409(a).* Same as 409, except apex of the pyramid is in V. 
410.* A right p3rramid whose base is i}'' square and whose axis is 2" long 
and horizontal. The base is parallel to and 2}" from V, and two sides of the 
base are parallel to H. 

410(a).* The pyramid of 410, in the same position except that the 
base is only }" from V. 

4zo(b).* The pyramid of 410, in the same position except that the 
sides dk the base make 15^ and 75*^ with H. 

410(c).* The pjnramid of 410, in the same position except the base is 
only \' from V and the sides of the base make 30^ and 60^ with H. 

410(d).* The pyramid of 410, with two sides of the base parallel 

to H, but with the plane of the base (and hence the axis of the pyramid) 

inclined at 45^ with V. The nearer edge of the base of the pyramid is 

}" from V. 

4x1. A right prism i}'' square and 2" long; axis horizontal, side faces 

inclined at 30* and 60^ to the horizontal. Draw its projections. 

First. When one end of the solid is in V. and one comer of the end is also 
inH. 

Second. After the soHd has been revolved from its first position, about 
a vertical axis, until the planes of its ends make 45^ with V. 

41 z (a). Same as 411, except that the side faces are inclined at 45^ 
to the horizontal, and that a f " cylindrical hole extends the entire 
length of the prism, along its axis. 

4zi(b). Same as 411, except that the solid is a square p3a'amid 
whose base is vertical, and that the sides of its base (instead of its side 
faces) are inclined at 30° and 60^ with the horizontal. 

4zz(c). Same as 411, except that the prism is hollow, the walls are 
i" thick and the ends are open. 

* Draw 3 projections, H, V and P. 



4Z2. A right prism whose ends are 2" equilateral triangles, and whose 
length is 2". 

Firsi position. An end is in V, a side face makes 15^ with H, and a lateral 
edge is i" from H. 

Second position. The prism has been revolved from its first position, 
about an axis perpendicular to H, until its base is inclined at 15° with V. 

4za(a). Same as 412, except that the prism is hollow and the walls 
are |" thick. 

4Z2(b). Same as 412, except interchange H and V throughout. 
4za(c). Same as 412, except that a rectangular groove i" wide and 
i" deep extends along the center of each side face, for its entire 
length. 

4za(d). Same as 412, except that the solid is a pyramid. In both 
positions its axis is horizontal and a side of the base (not one of its 
side faces) makes 15^ with H. 
4x3. A frustum of an inverted right square pyramid; sides of upper base 
2"; sides of lower base }"; altitude i". 

First position. Upper base horizontal and i" below H; sides of bases in- 
clined at 30° and 60® with V. - 

Second position. Frustum has been revolved from its first position, about 
an axis peix)endicular to V, until its bases are inclined at 15^ with the hori- 
zontal. 

4X3(a). Same as 413, except make the upper base i" square and 
revolve the frustum, for its second position, until its bases make 30^ 
with the horizontal. 
4Z4. A right cylinder 2" in diameter and i§" long, its axis horizontal and 
z}" below H. Draw its H and V projections: 
First. When one end is in V, 
Second. When the ends make 30** with V. 

4Z4(a). Same as 414, except that the solid is a cone, with its apex 
toward the front. 

4Z4(b). Same as 414, except that the solid is a frustum of a cone 
diameter of rear base i". 
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415.* t Draw two views of the solid in each of the three positions described 
below. 

First position. The base is horizontal and 2J" below H. One side of the 
base is \" behind V and parallel to it. (If the base is a circle make its nearest 
point i" from V.) 

Second position. Revolve the solid from its first position clockwise about 
an axis perpendicular to V through the right-hand edge (or point) of the base 
until the plane of the base makes 30° with H. 

Third position. Revolve the solid from its second position 45® clockwise 
about a vertical axis through the middle point of its right-hand edge (or through 
its right-hand point). 

(fl) A right prism i" square and i}" long. 

(6) A right pyramid; base i" square; length if". 

(c) A right pentagonal pyramid; sides of base each }"; length i}". 

id) A right hexagonal pyramid; sides of base each f"; length if". 

{e) A right cylinder; diameter i}"; length ij". 

(/) A right cone; base i" in diameter; length i}". 

(g) An inverted Gothic capital letter T, made of material f " square. It is 
i}" high over all and the cross-bar is i}" long. See PI. 10. 

Qi) A Gothic capital letter L, made of material J" square. It is ij" high 
over all, and the base is i" long. See PI. 10. 

*Suggestions for Problems 415-417. Use the same horizontal line representing H 
and V, for all three positions; this line should pass through the center of the space. 
Either of two arrangements may be used; (i) superimpose the first and second 
positions, using line 6 for the latter; then repeat the second position, using lines 2 
and 3, and on it superimpose the third position in line 6; or (»') draw each position 
separately, using lines 2 and 3. See PI. 5. 

t To vary the 415 problems , make either or both of the revolutions counter- 
clockwise; the only change involved is in the wording for the third position, where 
left-hand must be substituted for right-hand. Another simple variation is to inter- 
change the axes, that is to revolve the solid first about the vertical axis and then 
about the axis which is perpendicular to V. Problems (c), (rf), (/), and (m) may 
be further varied by making one or more edges of the base perpendicular instead of 
parallel to V in the first position. 



(t) A Gothic capital letter U, made of material i" square. It is i}" wide 
and i}" high over all. In the third position let the H projections make 30^ 
with V. See PL 10. 

(j) A plain cross standing upright, made of material |" square. It is 
i|" high and i}" wide and all four arms are equal. In the third position let 
the H projections make 30^ with V. 

(k) The Maltese cross of PI. 22, Fig. Z), half size. 

(/) A hollow equilateral triangular prism. The sides of the bases are i" 
long and the prism is if" long. The walls are i" thick, and the ends are open. 

(m) A hexagonal prism il" long; sides of base each i^^ 

4x6.* Draw two views of the solid in each of the foUowing positions: 

First position. The base is horizontal and 2J" below H. One comer of 
the base is }" behind V, and one side of the base makes 30® with V. 

Second position. Revolve the solid from its first position clockwise about 
an axis p>erpendicular to V through the right-hand comer of the base until the 
plane of the base makes 30^ with H. 

Third position. Revolve the solid from its second position 30® counter- 
clockwise about a vertical axis through its left-hand point. 

(a) The prism of 4is(a). A hole J" square extends through it from end 
to end; the side walls are thus I" thick. 

(^), (A), and (i). The letters T, L, and U, described in 415. 

(j) and (k). The crosses described in 415. 

417.* Similar to 415. The solid is a hemisphere of J" radius. In its first 
position its fiat face is horizontal. In the second position the fiat face makes 
45° with H. In the third position the H projection of the radius which is at 
right angles with the flat face makes 45^ with V. 

418. Any two Gothic letters (PL 10), standing upright, so that the plane 

^Suggestions for Problems 415-417. Use the same horizontal line representing H 
and V, for all three positions; this line should pass through the center of the space. 
Either of two arrangements may be used; (i) superimpose the first and second 
positions, using line 6 for the latter; then repeat the secon 1 position, \ising lines 2 
and 3, and on it superimpose the third position in line 6; or (ii) draw each position 
separately, using lines 2 and 3. See PI. 5. 
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of their faces makes 45® (or 30**, as may be directed), with V. Assume 
height 2}", material |" square. 

ORTHOGRAPHIC PROJECTION (from Sketches) 

Draw orthographic projections (top, front and end views) of the objects shown on 
Pis. 30 and 21. Make the views actual size but omit the dimensions. Place each 
solid in a simple position, with as much as possible of its detail visible. A sectional 
view may be substituted for any of the three, as may be directed. Use the conven- 
tional lines on PI. 12. Show center lines where possible. 

The planes of projection (if these are used) should be denoted by light, solid lines 
(No. 9), intersecting ^" to the right of the center of the 5" by 7" space. 
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ISPMETRIC DRAWING 

Make isometric drawings of the following, f Omit invisible edges; shading is 
optional (see PI. 6, Fig. 5.) 

600. A hollow 2}" cube, of material Y' thick. In the center of the top face 
is a circular hole lY' in diameter. In the center of one of the visible side faces 

* Place the longest dimension horizontal (on the drawing). 

t Variety may be introduced by drawing some of the objects as if seen from be- 
low (see PI. 8, Fig. 4). Cabinet, cavalier or other projections may be substituted 
for isometric, as the Instructor directs. 



is a hole li" square, its edges parallel to those of the cube. In the center of the 
other visible face is a hole in the shape of a lY' equilateral triangle, with its 
lower side horizontal. 

601. A flat plate 3" square and J" thick. On the center of the upper 3" 
by 3'' face stands a right hexagonal prism, sides of hexagon each i^", lateral 
(vertical) edges ij". 

602. A hollow box of material Y' thick. Its outside dimensions are: width, 
2"; depth, 1 1"; height, 2f ". It has no cover, but one 2" by 2 J" side is open and 
the box is set so that the inside is visible. 

603. A block capital letter I, of material f" square; top and bottom blocks 
2" long; total height 2I". 

604. A Gothic capital letter V (see PI. 10), of material Y' square, standing 
upright. Total height 2i"; total width at the top 2i", at the bottom }". 

605. A prism i)'' square and 2}'' long, resting on a square end. Midway 
between the top and bottom there extends around it a groove Y' wide, which 
cuts J" into the prism. 

606. A rectangular block 2 J" square and 2" high. Midway between the 
top and bottom there extends around it a groove }" wide, which cuts i" into 
the block. At the center of the top of the block is a hole in the shape of an 
inverted hexagonal pyramid, sides of hexagon i'', altitude of pjrramid 2"; 
two sides of the hexagon parallel to edges of the block. 

607. A triangular comer bracket of material Y^ square. The vertical leg 
and the horizontal leg are 3*' and 2Y^ long respectively, and the diagonal brace 
joins the legs J" from the outer end of each. Show view from below. 

608. A flat plate, if square and Y' thick, supported at each comer on a 
block Y' square and }" thick. Centrally on the top of the plate stands a right 
cylinder, ij" in diameter and 2" high. 

609. A plain circular ring, of material Y' square; outside diameter 2}". 
It stands vertically. 

609(a). Same as 609, except that the ring is of circular cross- 
section (a torus), and a quarter of it has been removed. Add line shad- 
ing. 

610. Three blocks with their axes in the same vertical line; each block 
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rests on the one bdow it. The lowest block is a hexagonal prism; sides of 
hexagon each i}'', and lateral edges each f". The middle block is a prism 
x}" square and li" high. The upper block is a pyramid li" high, base i" 
square. 

6zi. Three blocks with their axes in the same horizontal line and their 
adjacent faces in contact. The one at the left is a triangular prism, sides of 
base i" and lateral (horizontal) edges i}"; the next is a square prism, edges 
of base i^" and lateral (horizontal) edges i" long; the last is a cylinder 2" in 
diameter and i}" long. 

6x2. Similar to 611. First block, a cylinder, i" in diameter and i'' long. 
Next a prism }'' long, base 1" square. Last a prism 2" long, base i^" square, 
with two sides horizontal; the long edges of the last prism are beveled in such 
a way as to remove triangular prisms whose cross sections are 30^-60*^ right 
triangles, the shorter leg vertical and }'' long. 

613. A rectangular block 2" high, 2)" wide and 3" long. Each of the upper 
2i" edges is beveled, cutting back i" and down i''. A round hole i^' in diam- 
eter is cut lengthwise through the block, its axis 1" above the center of the 
lower face. 

6z3(a). The block of 613, beveled in the same way, but instead of 
the round hole a groove of rectangular cross section is cut lengthwise 
along the center of the bottom of the block. The groove is i" wide and 
extends i}'' up into the block. 

6x4. A 2" cube. Entirely around it, midway between the top and bottom 
faces, extends a rectangular band or projection, f " thick and i'* wide. In the 
center of the top of the cube is a hole i" square and Y' deep, its edges parallel 
to those of the cube. 

6x5. A right hexagonal prism, resting on a hexagonal base; sides of hexagon 
xj" and (vertical) lateral edges 2i". Entirely around it, midway between the 
top and bottom faces, extends a band, or projection, i" thick and i" wide. 

6x5(a). Same as 615, but instead of the band a groove of same size 
and in same position. 

6x6. A right pyramid; base 2" square, altitude 2}". Entirely arotmd it, 
midway between the base and the apex, extends a band or projection i" thick. 



measured horizontally, and 1" wide, measiu-ed parallel to the slant height of the 
pyramid. 

6x7. A plate 2^" square and i" thick. Symmetrically placed on both top 
and bottom faces are crosses made of material i" square; each cross has its 
sides parallel to the edges of the plate. 

6x8. A block, originally 2}'' square and if high. In the center of the top 
face is cut a hole i}" square and i" deep, with its sides parallel to the edges of 
the top of the block. A V-shaped groove is cut entirely around the block 
horizontally. It is of such width that it leaves exactly i" of the original side 
face above it and the same amount below it, and it cuts i" into the block. 

618(a). Same as 618, except that the V-shaped groove is li" wide 
at t^e outside and extends i" into the block. 
6x9. A plate 3" square and i" thick,, supported at each comer by a block 
y square and }'' thick. On tne center of its upper surface rests another plate, 
2^" square at the bottom, 2}'' square at the top, and Y' thick. On the top 
of the second plate, at its center, rests a right cone, base i}'' in diameter, alti- 
tude 2". 

6x9(a). Same as 619, except use a right hexagonal pyramid, sides 
of base f" and altitude i J", instead of the cone. 

6x9(b). Same as 619, except use a right square pyramid, sides of 
base }'' and altitude i}", instead of the cone. 

619(c). Same as 619, except use a pentagonal pyramid, sides of base 
1" and altitude ij", instead of the cone. 

6x9(d). Same as 619, except use a square pyramid, sides of base 
i}'' and altitude 2", instead of the cone. 

6x9(0). Same as 618, except use a frustum of a triangular pyramid, 

sides of lower base 2", of upper base i", altitude 2", instead of the cone. 

6x9(f). Same as 619, except use a pyramid 2" square and 2" high 

instead of the cone. The sides of the base are parallel to the diagonals 

of the top face of the block. 

630. A block, originally a right square prism $" long, i}" wide and xf 

high. Two V-shaped troughs, or grooves, are cut out of it, the cross section of 

each is a if" equilateral triangle with its top edge level with the original top 
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surface of the block. One groove extends the entire length of the block, the 
other entirely across it; both grooves are centrally located, with their edges 
parallel to the edges of the block. 

62Z. A block, originally a right hexagonal prism, sides of hexagon ij", 
and lateral edges 2^" long; it stands on end. Two V-shaped grooves are cut 
across the top face; they are at right angles to each other, and the edges of 
one are parallel to two side faces of the hexagon. Each groove is |" wide at 
the top and cuts i" into the prism; they are centrally located, so that the lowest 
edges of the two grooves cross each other on the axis of the prism. 

633. An outdoor thermometer holder consisting of a hollow box made of 
I" material. It is 9" high and 3" wide, outside dimensions, is i J" deep, inside, 
and has a top, or roof, which projects i" from the front of the box, measured 
horizontally, and slants downward at an angle of 30** with the horizontal. 
Draw half size, showing it in a horizontal position. 

623. A plate 3" square and i" thick. Centrally on it rests the frustum of a 
hexagonal pyramid, i}" high, sides of upper base i", of lower base ij". Cen- 
trally on the frustum stands a cone, f '' high, diameter of base i". 

634. A frustum of a right pyramid; lower base 2)'' square; upi)er base 
li" square; altitude 2}''. Midway in each side face a rectangular groove 
extends from top to bottom. The grooves are )" wide and cut i" horizontally 
into the solid. 

634(a). Same as 624, except that the solid is a frustiun of a hex- 
agonal pjrramid; sides of lower base i^''; of upper base i''; altitude 2". 

634(b). Same as 624, except that the grooves extend also across 
the top face. . 

634(c). Same as 624, except that the grooves are semicircular, i" 
diameter. 

634(d). Same as 624, except across two opposite faces substitute 
for the groove a band of same dimensions. 

634(e). Same as 624, except that a cross section of the groove is a 
f equilateral triangle. 

635. A prism 4'' long. Its cross section is a right triangle, sides i}", 
a" and 2§" long. The prism lies on its 2§" by 4" face, with the 2" by 4" face 



visible. A vertical hole f" square extends entirely through it; the axis of the 
hole passes through the middle point of the upper edge of the prism. 

635(a). Same as 625, except that the vertical hole extends through 
the center of the 2'' by 4" face, and that the lateral edges of the prism 
are rounded to a J" radius. 

635(b). Same as 625, except that the hole is i}" square, and passes 
through the center of the 2" by 4." face, at right angles to that face. 

635(c). Same as 625, except that there are also 3 rectangular strips 
or projections, each }" wide and i" thick, on the surface of the prism. 
One strip extends lengthwise along the center line of each face. 

636. A vertical and a horizontal prism whose axes bisect each other. Each 
prism is 3" long and i}" square. The axis of the horizontal prism is perpen- 
dicular to the side faces of the vertical prism. The side faces of the horizontal 
prism are inclined at 45^ to the horizontal. 

636(a). Same as 626, except that the axis of the horizontal prism 
passes through two diagonally opposite vertical edges of the vertical 
prism. 

636(b). Same as 626, except substitute a cylinder i^'^ in diameter 
for the horizontal prism. 

636(c). Same as 626, except substitute a hexagonal prism, sides of 
hexagon f '', for the horizontal square prism; two side faces of the hexag- 
onal prism are vertical. 

636(d). Same as 626, except substitute for the horizontal prism a 
prism whose cross section is a i}'' equilateral triangle, lower side hori- 
zontal. 

637. A building 16 feet by 24 feet. The height of the straight sides is 9 feet; 
the ridge is 7 feet higher. The roof overhangs 2 feet, horizontally, on all four 
sides. There is a door 2 feet 6 inches by 7 feet at the center of the end, 
and there are two windows each 2 feet 3 inches by 5 feet in the side. The 
window sills are 2 feet above the floor. A chimney i foot 6 inches square 
and a porch 6 feet wide may be added. Use a scale of i inch to one 
foot. 

628. A draftsman's 30-60° triangle, drawn to a scale such that neither 
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leg wOl appear to be longer than about 4''. The thickness may be slightly 
exaggerated or else entirely neglected. 

629. A 24'' T-square, drawn | actual size. 

630. An elliptical disk; axes 3}'' and 2)"; thickness }"; a hole i'' in diam- 
eter extends through its center. 

630(a). Same as 630, except that the axes are 4'' and 2" respectively 
and the thickness is 1", 
63Z. A draftsman's sandpaper pad, \ actual size. 
63a. A curved ruler (French curve), \ actual size. 

633. The lower half of a hollow sphere; outside diameter 3''; inside 
diameter 2"\ cutting plane horizontal. 

634. Two Gothic capital letters (see PL 10). Assume the height to be 3" 
and the letters to be made of material \" square. 

635. Two cylinders whose axes bisect each other at right angles. One 
is vertical, 3" long and \" in diameter; the other is 4" long and i'' in 
diameter. 

635(a). Same as 636, except that each cylinder is 3" long, i}'' in 
diameter and horizontal. 

636. A wheel; diameter of outside of rim 3", of inside of rim 2}", of hub 
i"t of axle }". There are 4 spokes, each J" wide. The wheel and spokes are 
of one piece of \" material. 

636(a). Same as 636, except that there are 6 spokes and each is \" 
by i". 

637. A frustum of a right prism which stands upright. Its base is i\" 
square and its original height was 2\". Its vertical edges, beginning at the 
front and proceeding clockwise, are 2J", i}", 2" and 2\" long respectively. 
A hole i" in diameter extends vertically through its center. 

637(a). Same as 637, except that the original prism has been cut 

by a plane which passes through an upper edge and slopes downward at 

30^ with the horizontal. 

638 A 2" cube. Each comer is beveled \" in all three directions. A 

block 1" square and \" thick projects from the center of each face; the edges 

are parallel to those of the cube. 



638(a). Same as 638, except that the blocks are cylinders i" in 
diameter and \" long. 

638(b). Same as 638 except that the comers of the cube are beveled 
I " in all three directions, and that the blocks are hexagonal prisms, 
sides of hexagons \'\ 

639. A stone monument 2'-io}" high, made in three sections, each of 
which rests centrally on the one below it. The lowest section is 2'-6" square 
and li^" high.. Its four upper edges are each beveled at 45^ in such a way as 
to cut off a triangular strip 6" high entirely around the monument. The 
middle section is a block 18'' square and 12" high. The upper section is a 
fmstum of a cone; diameter of lower base 12'', of upper base 6"\* height ^". 
Inscribe a capital letter A in the center of one visible face of the middle section, 
and a capital letter B in the other; make the letters 6" high. Use a scale of 
i" « I'-o" (one-twelfth actual size). 

640. A 2\" cube. On each visible face draw either 
(a) a regular hexagon, f " on a side, or 

{h) a triangle, sides 2", ij", and i", respectively, or 

(c) an isosceles triangle, base i", altitude 2" or 

{d) a circle i J" in diameter, or 

{e) a square whose sides are inclined at 45^ to the edges of the cube. 

ORTHOGRAPHIC PROJECTION, WITH DIMENSIONS (from Description) 

Draw toPi front and end views, unless otherwise directed, of the following objects. 
Sectional views or auxiliary views may be added, or substituted, as the Instructor 
directs. The planes of projection are not to be shown. Place each object in such a posi- 
tion that the greatest amount of its detail will be visible. The views are to be drawn 
full size, except where otherwise noted. Use center lines freely. Half-size drawings 
may be made by dividing by two and using a full scale (the edge marked 16); quarter- 
size drawings by using the 3" to i' scale (the edge marked 3), etc. Give complete 
dimensions; follow carefully the conventions of PI. 12. Edge shading is optional; 
line shading on curved surfaces is optional; see PI. 6, Figs. 3 and 4. 



700. The object of 600 (half size). 

701. " " " 601 (half size). 
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Toa. The object of 6o3. 

703. " " " 603. 

704. " " " 608 (make the cyHnder i}" high). 

705. " " " 611. 

706. " " " 612. 

707. " " " 616 (make the altitude 2"). 

708. " " " 620. 

709. " " " 621 (make the height ij"). 

710. " " " 622 (quarter size). 

71 z. A right prism 5" long lying on a side face. The ends are 3'' equilateral 
triangles. An inverted V-shaped slot is cut midway across the lower face at 
light angles to the axis; the depth of this slot is i\'\ and its inclined faces 
make angles of 60^ with the horizontal. A round hole extends from end to 
end of the prism; it is \" in diameter, and its axis is directly below the upper 
edge of the prism and \" from it. Half size. 

7X2. A frustum of a right cone, front base 2" in diameter, rear base 1" 
in diameter, perpendicular distance between bases 2"; axis horizontal. At 
the center of the large base of the frustum, and in contact with it, is a hexagonal 
prism \" long; sides of hexagon f'^ two sides are horizontal. A hole \" in 
diameter is drilled through the object along the horizontal axis; at the small 
end of the frustiun this hole is closed with a plug \" thick, driven in until its 
surface is flush. 

713. A wheel, made entirely from a circular disk i" thick. The outside 
diameter of the wheel is 6''. The inside diameter of the wheel rim is 5}''. 
The hub is i}'' in diameter, and there is a hole \" in diameter through its center. 
There are four spokes, each of rectangular cross section, and each i" wide at 
the hub and \" wide at the inside of the rim. Draw two views half size. 

714. A rectangular block, originally 8" long, 6" wide and 4" high. A semi- 
cylindrical groove is cut out of the top face; the radius of the groove is 2'' 
and the groove extends horizontally across the entire width of the block, 
parallel to the 6" edges. In the center of each end of the block is a vertical 
rectangular slot 3" wide, which cuts 1" into the block. Draw quarter size 

715* (Show two views of each solid, drawn to a scale of 3"«i/) (a) A 



cylinder 4" in diameter and 8" long, modified as follows: A hole 2" in diameter 
and 2" deep is drilled in the center of one end; at the other end, for a length of 
3'', the material is cut away imtil the diameter is only 3". 

{h) A rectangular piece, 10" square and 4" high. At the center of its top 
face is a hole of the right size and shape to fit the small end of the piece described 
in (a). 

7x6. An object consisting of parts of three co-axial cylinders. The left- 
hand end is a section ^ long of a cylinder 1" in diameter. The next is a sec- 
tion 2" long of a cylinder \" in diameter. The right-hand end is a section 1" 
long of a cylinder \" in diameter. A round hole xV ui diameter extends 
through the piece from end to end. A slot -^^ wide and ^" deep b cut 
horizontally across the center of the left-hand end of the object. 

717. A rectangular block i}'' square and 2\" long, modified by cutting a 
slot y wide and \" deep along one of the diagonals of the upper i)" by 2\" 
face, and a similar slot along the other diagonal of the lower i^' by 2^" face. 
A round hole \" in diameter extends lengthwise through the center of the 
block. 

7x8. An object in the form of a hollow cylinder 2" in diameter and 2\" long, 
open at one end; the solid end is }" thick and the side walls are -^'^ thick. 
At }" from the closed end a groove J" wide and J" deep is ait entirely around 
the outside of the cylinder parallel to the end; }" from this is another groove 
exactly like the first; there is a third groove, exactly like the others, \" from 
the open end. Two round holes \'* in diameter are cut through the side walls 
of the cylinder; they are diametrically opposite to each other on 45'' radial 
lines and the center of each is i'' from the closed end of the cylinder. 

7x9. A block if" wide, ij" high and 3" long, modified as follows: A round 
hole f " in diameter and }" deep is bored perpendiailarly into one of the if" 
by if" ends, at its center. Another J" in diameter, is bored entirely through 
the center of the block perpendicular to the i\" by 3" faces. 

730. A block originally 24" long, 18" wide and 9" high, cut into a series of 
three steps. Each step is 24" long and 6" wide, and the rise is 3", for each. 
The material back of and under the steps b cut away to leave a thickness of 
I J" throughout. Draw one-twelfth actual size (i" - I'-o"). 
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PROBLEMS 



721. A cylinder 3'^ long and i}" in diameter, axis horizontal. Midway 
between the ends a groove is cut all the way around it. The groove is }'' 
deep; at the surface it is i" wide and at the bottom i}" wide. There is a 
conical hole lY' in diameter and i'' deep in the center of each end of the cylin- 
der. 

7aa. A block 2" long. One end is a hexagon, i)" across from side to side; 
the hexagonal portion of the block is }'' long. The remaining ij" is cylindrical 
and ly in diameter. A tapering round hole extends centrally through the 
block lengthwise; in the hexagonal end it is f in diameter and in the circular 
end it is f in diameter. 

733. A double gear blank, described as follows: At each end it is disk- 
shaped; at one end it is 2f" in diameter, and Y' thick; at the other end it is 
ai" in diameter and Y' thick. The body of the piece, between the two disk- 
like ends, is cut down to if diameter; the length between the end pieces is 
lY'. A H'' round hole extends from end to end through the center of the piece. 
Show two views only. 

724. A block with a base 8^' wide and 12" long. The ends are perpen- 
dicular to the base. The sides slope toward each otha* at 75^ with the base, 
for a slant height of 4"; above this the slope changes and the sides meet at an 
edge 6i'' vertically above the center of the base. Quarter size. 

725. A frustum of a pyramid; the lower base is 2'' square, the upper base 
is i" square; the height is 2''. Along the center line of each of the sloping 
faces, from the upper to the lower base there is cut a slot Y' ^^^ ^^^ i'' 
deep. 

726. A block 3" long, ij" high and i}" wide with its li" by 3" faces 
horizontal, modified as follows: A piece is cut from the central portion of 
its lower surface, Y' bigh, 2Y' long and extending entirely across the block. 



The upper siuiace is cut away at each end so as to leave a raised center por- 
tion lY' square and }" high. 

727. A horizontal plate 3" by 4" by }". On the center of the top face 
stands a pyramid whose base is a 2" by 3" rectangle, and whose altitude is 
2Y'' The 3" edges of the base of the pyramid are parallel to the 4" edges of 
the plate. Half size. 

728. A hollow rectangular block, of material Y' thick, outside dimensions 
I J" by 2" by 3". The 2" by 3" face is horizontal. Through the center of 
both top and bottom faces is cut a hole i" by 2'\ through each end a hole 
i" by i", and through each side a hole i" by 2". The longer dimension of each 
hole is parallel to the longer dimension of the face through which it is cut. 

729. A right prism 13" long, bases 6^' triangles. I^rengthwise through the 
center of each side face there extends a semicircular groove, 2" in diameter 
and i" deep. Draw quarter size. 

730. A wedge. The large end is lo'^ long and 4." wide. The edge is 18'' 
bdow the end and is only 6" long. Draw one-eighth size (i J'' ■ I'-o'O- 

731. A tetrahedron (triangular pyramid), each edge 2" long. 

732. A block, originally loi" square and 4}'' high. The vertical edges are 
rounded with a 2" radius. A slot 2" wide and i}'' deep extends horizontally 
entirely around the block, half way up. One-quarter size (3" «= I'-o")- 

733. A hollow cylinder, 6^" in diameter and 12}" long; walls lY' thick. 
There is an opening 2" square in the center of each end; also a band 4" wide and 
Y' thick entirely around the cylinder midway between the ends. Quarter size. 

734. A hollow hexagonal prism 12}" long; sides of hexagon 7}"; thickness 
of walls 2"; one end is removed. A tapering opening is cut in the center of 
each face; the openings are alternately round and square, 3}" in diameter at 
the outside and 3" at the inside. Quarter size. 



PROBLEMS— INTERPRETATION OF DRAWINGS 
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mTERPSBTATIOn OF DRAWINGS In Orthographic Projection 

Make isontdric drawings (or such other drawings or sketches as the Instructor may 
direct), of the objects shown in orthographic projection in Pis. 32 and 23. A few 
of the dimenaionB have intentionally been omitted, and may be estimated. 



8oo. PL 22, Fig. A. 



80Z. " 




B. 


80a. ** 




C. 


803. " 




D. 


804. " 




E. 


80s. " 




F. 



806. PI. 22, Fig. G. 

807. " " H. 

808. PL 23, Fig. I. 
8og. " " 2. 

810. " " 3. 

811. " " 4. 



8za. PL 23, Fig. 5. 814. PL 23, Fig. 7. 

813. " "6. 
Also of the following: 
8x5. PL 6, Fig. I.* 
8x6. PL 6, Fig. 2.* 

8x7. PL 24. (Scale x"^ I'-o", or A actual size.) 
8x8. PL 13, Fig. I.* 
8x9. PL X3, Fig. 4.* 

820. PL 15, Fig. 3.* Either bolt and nut. 
82X. PL 15, Fig. 4.* Any of the screws. 

* Draw twice actual size. Use a scale or " proportional dividers." 
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Probl^ns— Interpretation of Orfliograidiic Projection (I). 
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Problems— lateipretatioii of Orthograpbic Projection (II). 
(TD) 
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Problem— To Dimension Properly. 
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Assignmeiit Sheet 
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Assignment Sheet— continued 
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INDEX 



The figures in hold face refer to pages which contain illustrations 



PAGB 



PACK 



Accuracy 3 

Alphabft, freehand single-stroke 34) 35 

Gothic 37 

Angle, methods for laying off or measuring i6 

to bisect i3» 15 

to transfer 13 

Arc, to draw, when center is inaccessible z5) ^6 

to rectify. I5, 16 

Archimedes spiral i7» 19 

Architect's scale . . .* 7 

Arkansas oilstone 9 

Arrangement of views, orthographic projection 2d, 22 

i] working drawing 43 

Arrowheads 40, 41 

Assembly drawings 43 

Auxiliary views 26, 27 

Axes, isometric 39, 30, 31 

of symmetry 23, 41 

Axonometric projection 3i> 3^ 

B 

Babbitt metal, convention for 46 

Begimiing work, directions for 11 



Bill of material 47 

Blueprints 49 

Bolts and nuts 47^ 48 

Border line 12, 41 

Bottle holders 8 

Bow instruments 9f 10 

Brass, convention for 46 

Breaks, conventional 46 



Cabinet projection 3^, 33 

Cap screws 47> 48 

Care of instruments 11 

Cavalier projection 3^, 33 

Center lines 23, 41 

Circle, isometric 17, 39, 30 

to dimension 4I) 42 

Cloth, tracing, use of 49 

Comparison of projections 32> 33 

Compasses 9 

Concrete, conventional section 46 

Conical surface, to shade 27 

Conic sections 16, 17, 18 

Conventional lines 41 

83rmbols for cross-sections 4^ 
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INDEX 



PAGB 

Copper, convention for 46 

Comers, to round • . 15, 41 

Cost of instruments 2 

Cross hatching 41^ 45, 46 

Cube, in isometric 28, 29, 30 

Curved ruler, to use 10 

Curves, circular, geometric constructions i3i I5 

non-circular, geometric constructions 16, 17 

Cycloid, to construct i7, 19 

Cylindrical surface, to shade 26, 27 

D 

Detail drawings 43 

•Dimensioning 38, 41 

Dimension line 40, 41 

Dimetric projection 31 

Directions for beginning work 11 

Dividers, use of 7 

Drawing, directions for beginning 11 

instruments, list of i, 2 

E 

Earth, conventional section 46 

Edge shading 26, 27 

Ellipse, approximate methods of drawing i7i 18 

exact methods of drawing 16, 17 

Engineer's scale 6 

Equilateral hyperbola, to draw i7i 19 

Erasing from drawing paper. 11 

from tradng cloth 49 

Extension lines 40, 41 



PAGB 

Figures, to make 35) 37» 40 

Fractions, to print 40, 41, 42 

Freehand lettering 34, 35 

French curve 10 

G 

Gothic alphabet 37 

"Groimd lines" 22 

H 

Half-section, isometric 33i 70 

orthographic 43» 45 

Helix, to draw I7f 19 

Hexagon, isometric 29 

Holder, ink-bottle 8 

Horizon, in perspective 53 

House, perspective of 5^, 54 

Hyperbola, to draw I7, 19 

I 

Inking, directions for 8, 49 

order of 49 

Instruments, cost 2 

list I* 

use i-ii 

Insulation, conventional symbol 46 

Invisible lines, convention for 41 

points, orthographic 21 

Involute 17, 18 



INDEX 
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PAGB 

Iron, conventional symbol 46 

Irregular curve, use of 10 

curves, isometric 29 

Isometric circle I7i 39 

drawing 28, 29 

from below 32 

paper 31 

projection 28, 29 

sketching 31 

L 

Lettering, books on 34 

freehand single-stroke 34» 35 

Gothic 37 

in ink 36 

in pencil ^ 34 

tablet 34 

titles 36, 39 

Line, border 12, 41 

center 23, 41 

shading 26, 27 

to divide geometrically 13, I5 

true length of 26 

Lines, conventional, standard widths, etc 41 

parallel to a given line, to draw 5 

perpendicular to a given line, to draw 5, 15 

List of instruments and supplies i 

M 

Masonry, brick and stone, in section 46 

Material, bill of 47 



PAGB 

Materials, conventions for, in section 46 

Measurements, to make accurate 6 

N 

Notes, working drawing 44 

Numerals 35) 17 • 

Nuts and bolts 47)4^ 

O 

Oblique proiection 32, 33 

Octagon, to construct regular 60 

Ogee curve 14, 15 

Oilstone, Arkansas : . . '. 9 

Order of inking 10, 49 

of tracing 49 

Orthographic projection 21 

Oval, to draw 62 

Paper, drawing, to fasten 11 

Parabola, to draw 17> 18 

Parallel lines, to draw u,, 3, 5 

Payzant pen 36 

Pen, for printing 3$ 

ruling, use of .8 

Shepard 36 

to sharpen ruling 9 

Pencil, for drawing 2 

for lettering 34 

to sharpen 2,5 

Perpendicular line, to draw 4, 5 
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INDEX 



PAGE 

Perspective 51 

45 degree 56 

parallel 3^, 56 

Picture plane 52, 53 

Pitch of thread 48 

Planes of projection 20, 21 

Polygon, to transfer i3i 15 

Projection, azcnometric 31 

cabinet 32, 33 

cavalier 32, 33 

dimetric 33 

isometric 28, 29 

orthographic 20, 21 

trimetric 3ii 3^ 

Protractor 2 

Q 

Quarter-sections, isometric. 30, 70 

R 

Radius, to dimension 41 

Record strip 38, 39 

Rectification of arc 15, 16 

Reinhardt letters 35 

Reproduction of drawings 49 

Revolution 23, 25 

Revolved or alternate positions, line for 41 

Rock, conventional section 46 

Ruling pen, to sharpen 9 

use of 8 



S 

^ PAGB 

Scale, architect's 7 

engineer's 6 

selection i 

use 6 

Scales of drawings, common 7 

Screws, cap : 47, 48 

Screw threads 47, 48 

Sectional views, isometric 30, 70 

orthographic 43, 45 

Section lines 45, 4^ 

liners 44 

Selection of instruments i 

Shading, curved surfaces 26, 27 

edge 26, 27 

in isometric 27, 30, 70 

line 26, 27 

Sine curve, to draw I7, 19 

method for measuring angles x6 

Sketching, in isometric 31 

Spacing of letters 3^ 

Sphere, to shade 27 

Spiral of Archimedes, to draw i7, ^9 

Steel, conventional symbol 4^ 

Strip, record • • 3^, 39 

Supplies, list of i 

Surfaces, curved, to shade 26, 27 

Symbols, conventional for sections 4^ 

T 

Tangent method for measuring angles x6 

Tangents to curve iS 



INDEX 
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PAGB 

T-square 2 

use of % 3 

Testing the triangles 4 

Threads, screw 47» 48 

Thumb tacks i 

Titles, for maps 3S, 39 

for working drawings 3S, 39 

Tracing doth 47 

order of 49 

paper 47 

Trammel method for ellipse 16, 27 

Triangles, testing. . . 4 

use of 3, 5 

Trimetric projection 3Z| 3^ 

True length of line 34 



U 

U.S. Standard thread.... 47,48 



Vanishing points 53 

Views, arrangement of 22 

sectional 43i 45 

top, front and end 20, 21 

Visibility in orthographic projection , 2z 

W 

Water, symbol for 46 

Widths of lines 41 

Wood, conventional section 46 

Working drawings , , •.. .^ .••••••..• t • •' 43 
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